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ABBREVIATIONS AND UNITS 
J: joule: the unit of energy; 1 J = 1 Nm (= 0.239 cal) 
Gy: gray: the unit of absorbed dose = 1 J kg"1 {= 100 rad) 
Sv: sievert: the unit of dose equivalent = 1 J kg~* (= 100 rem) 
Bq: becquerel: the unit of radioactivity = 1 s~^ {= 27 pCi) 
cal: calorie = 4.186 J 
rad: 0.01 Gy 
rem: 0.01 Sv 
Ci: cur-.e: 3.7«1010 Bq (= 2.22«1012 dpm) 
P: peta: 1015 
T: tera: 1012 
G: giga: 109 
M: mega: 106 
m: milli: 10~^ 
v- mikro: 10"^ 
n: nano: 10~9 
p: pico: 10~12 
f: femto: 10"15 
a: atto: 10~18 
pro capite: per individual 
TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent 
to 109 kg TNT. 
cpm: counts per minute 
dpm: disintegrations per minute 
OR: observed ratio 
CF: concentration factor 
FP: fission products 
pR: micro-roentgen, 10"** roentgen 
S.U.: pCi 90Sr (g Ca)"1 
O.R.: observed ratio 
M.U.: pCi 137Cs (g K)" 1 
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i 
V: vertebrae 
m: male 
f: female 
nSr: natural (stable) Sr 
eqv. nrg KCl: equivalents mq KCl: activity as from 1 mg KCl 
(~ 0.88 dpm) . 1 g K ~ 756 pCi ~ 28 Bq. 
S.D.: sta 
S.E.: standard error: 
, H (x-x 
ndard deviation: / 
V (n-1 
1/ n(n-1 
-v2 
i > 2 
U.C.L.: upper control level 
L.C.L.: lower control level 
_ o 
S.S.D.: sum of squares of deviation: E(x-x^) 
f : degrees of freedom 
s^: variance 
v^: ratio between the variance in question and the 
residual variance 
P: probability fractile of the distribution in question 
n: coefficient of variation, relative standard deviation 
ANOVA: analysis of variance 
A: relative standard deviation 20-339.. 
B: relative standard deviation >33%, such results are 
not considered significantly different from zero 
activity 
B.D.L.: below detection limit 
In the significance test the following symbols were used: 
* : probably significant (P > 95%) 
** : significant (P > 99%) 
***: highly significant (P > 99.9%) 
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1. INTRODUCTION 
1.1. 
The present report is the twenty-seventh of a series of periodic 
reports (cf. ref. 1^  dealing with measurements of radioactivity 
in Denmark. The organization of the material in the present re-
port corresponds to that of last years report. After the intro-
duction and a chapter on organization and facilities there fol-
lows a chapter on environmental monitoring around nuclear fa-
cilities (Risø, Barsebåck and Ringhals). Chapter four deals 
with fallout nuclides in the abiotic environment, i.e. air, 
wacer and soil. Chapters five and six comprise fallout nuclides 
in the human diet and human tissues, respectively. Chapter 
seven is devoted to a general discussion of our environmental 
tritium studies. External radiation is treated in chapter eight. 
The names of the authors of each chapter appear at its head. 
The Becquerel has replaced the Curie, however, in tables (mean 
values) and figures the Curie is shown for comparison. In the 
figures we have used the right-hand ordinate for Curie. 
1.2. 
The methods of radiochemical analysis2"*) and the f.catistical 
treatment of the results5*12) are still based on the principles 
established in previous reports1)* 
1.3. 
The detailed tables of the environmental monitoring programme 
for Risø National Laboratory appear in the two semiannual re-
ports: Radioactivity in the Risø district January-June 1983 
and July-December 1983. 
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1.4. 
The report contains no information on sample collection and 
analysis except in cases where these procedures have been 
altered. 
1.5. 
In 1983 the personnel of the Environmental Control Section of 
the Health Physics Department consisted of two chemists, one 
biologist, one statistician, eight laboratory technicians, two 
sample collectors, and two laboratory assistants. The group 
for Electronics Development continued to give assistance with 
the maintenance of counting equipment, with the interpretation 
of Y-spectra and with data treatment. The programme (cf. 2) 
used in the calculations of 90Sr and the y-analysis, a* well 
as the programme for data treatment, were developed by this 
group. 
1.6. 
The composition of the average Danish diet used in this report 
is identical with that proposed in 1962 by the late Professor 
E. Hoff-Jørgensen, Ph.D. 
- 11 -
2. FACILITIES1'6'7'8* 
By S.P. Nielsen 
2.1. Detectors 
Vhe activity of the samples is measured as fc lows: 
Alpha (239Pu, 2 4 1Am): 20 solid-state surface barrier detectors 
connected to four multichannel analyzers (64 channels per de-
tector) and another two for total alpha counting. 
Beta (90Y mainly): Six "multidetector"-systems each containing 
5 sample counters and a common anticoincidence shield are now 
put into regular use. This type of detector has replaced the 
mechanical sample changers previously used. 
Gamma (natural and fallout isotopes): 4 Ge(Li) detectors in 10 
cm lead shields and connected to a 8192-channel analyzer with 
four-input facility. One further Ge(Li) detector mounted on a 
tripod and a 4096-channel analyzer are used for field measure-
ments, and a 8" * 4" Nal(Tl) in an underground shielded room is 
used for whole-body counting. The Ge(Li) detectors have an ef-
ficiency of v 20% (relative to 3" x 3" Nal(Tl)). 
2.2. Data treatment 
Measured spectra are transferred to a Burroughs B7800 computer 
for evaluation. 
A program system STATDATA16' is developed for registration and 
treatment of environmental measurements including multichannel 
analyzer spectra. To date, approximately 65 000 sets of results 
have been registered covering the period from 1957. 
- 1" -
; 
HEALTH PHYSICS DEPARTMENT 
WASTE TREATMENT STATIQg-7 
WASTE WATER AND GRASS STATION 
HOT CELL FACILITY 
10 MW REACTOR Æ* 
DR 3 
1m2RAIN 
OLLECTOR 
F i q. 3.1.1 . Sampling locations at Risa National Laboratory. 
1-5: locations for rain bottles (0.03 m2 each), ion-exchange 
columns (0.06 m2 each) and grass samples. 
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3. ENVIRONMENTAL MONITORING AT RISØ, BARSEBACK AND RINGHALS 
IN 1983 
by H. Dahlgaard 
3.1 Environmental monitoring at Risø 
From the two semiannual reports: Radioactivity in the Kisø di-
strict January-June 1983 and July-December 1983 the results of 
the environmental monitoring at Risø are presented. The reports 
are available from the Risø Library. 
The various anthropogenic radionuclides measured outside the 
Risø area came from non-Risø sources, preferentially from 'jlo-
bal fallout. 
3.2. Marine environmental monitoring at Barseback and Ringhals 
The radiological monitoring of the marine environment around 
the two nuclear power plants at Barseback and Ringhals in 
Sweden1^ was continued in 1983. 
Figures 3.2.1.1 and 3.2.1.2 show the sampling locations. 
3.2.1. Y-emitting radionuclides in brown algae 
Tables 3.2.1.1, 3.2.1.2, and 3.2.1.3 show the radionuclide con-
centrations found by -r-spectrometric analysis in brown algae 
sampled near BarsebMck and Ringhals in 1983. Monthly data on 
radionuclides in time-integrated water samples and sea weed 
from locations 99 and 98 are reported in chapter 3.2.5. Note 
that the data are expressed on the basis of dry weight. For 
comparison with other data, the mean values of the ratios 
fresh weight/dry weight obtained 1977-1982 can be used. For 
Fucus vesiculosus and Fucus serratus from Ringhals these are 
4.43±0.10 (S.E., n - 43) and 3.94±0.06 (S.E., n = 23), re-
- 14 -
12°50*E 13°00'E 
55°50'N 
55°45'N 
55°50'N 
55°£5'N 
12°50'E 13°00'E 
Fig. 3.2.1.1. Sampling locations at Barseback. 49 and 50 
indicate fishing tracks. Arrows indicate cooling water intake 
and outlet. 
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12°00'E 12°05'E 12°10'E 
57°20'N 
57°15'N 
12°00'E 12°05'E 12°10'E 
Fig. 3.2.1.2. Sampling locations at Ringhals. 14 and 16 
indicate fishing tracks. Arrows indicate cooling water intake 
and outlet. 
Table 3.2.1.1. Gamma-enitting radionuclides in Fucus vesiculosus (Fu.ve.), Fucus serratus (Fu.se.), 
and Zostera marina 
Date of sampl i 
Station No.** 
* dry matter 
Species 
Distance from 
outlet in km 
5«Mn 
5»Co 
60Co 
«z„ 
952r 
95 N b 
ng 
(Zo.ma. 
9 
24 
19.8 
Fu.ve. 
1.4 
71 
43 
1860 
142 
) collected at 
Februa 
25 
22.1 
Fu.ve. 
2.9 
18.6 
12.6 
340 
41 
ry 
25 
20.4 
Zo.ma. 
2.9 
30 
15.4 
340 
41 
Barseback in 
24a 
17.7 
Fu. 
1 
81 
33 
760 
70 
20 
12 
±5.0 
ve. 
.4 
± 3 
i 3 
i87 
± 6 
A 
i 6 
1983 (Ul 
2 
25 
21 .2 
Fu.ve. 
2.9 
31 
14.3 
470 
38 
lit: Bq 
May 
25 
23.4 
Fu.se. 
2.9 
24 
7.9 
380 
34 
kg ~1 dry wei 
2 6AA 
19.0i1.0 
Fu.ve. 
4.0 
14.1±0.6 
8.0*1.1 
191 ±34 
19.4*4.4 
ght) 
30 Se 
25 
23.0 
Fu.ve. 
2.9 
15.4 
4.3 
MS 
6.9 
iptember 
26 
23.4 
Zo.ma. 
4.0 
7.6 
3.3 
87 
8.4 
1 3 December 
24 
20.2 
Fu.ve. 
1.4 
47 
1350 
112 
25 
19.6 
Fu.ve. 
2.9 
25 
7.8 
680 
42 
n 0 m A g 28 A 7.1 A 
124Sb 6 B 
'^Sb 4.2
 A 
131I 27 A 8 B 
137Cs 10 A 8.3 9.1 13.8±1.6 15.7 10.9 11.8*0.3 9.4 6.6 87 
* Locations south of the outlet; the other locations were situated north of the outlet. 
**Cf. Fig. 3.2.1.1. 
a
 The error term is 1 S.E, of the mean of 3 samples. 
a4The error terra is 1 S.E, of the mean of 2 samples. 
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Table 3-2-1-2. Gaaaa-estittin« radionuclides in Pucus vesiculosus (ru.ee.). rucus serratus (Pu.se.) 
Station No.•• 
• dry aatter 
Species 
Distance frost 
outlet in ka 
7 
20.1 
Pu.ve. 
0.2 
7 
22.« 
A«.no. 
0 . 2 
« 
22.« 
Fu.ve. 
1.9 
« 
2J.0 
Pu.se. 
1 . « 
4 
22.7 
Pu.ee. 
4 . 1 
5 
22.« 
Pu.se. 
4 . 1 
• 
20.7 
Fu.ve. 
4 . « 
• 
21.7 
Pu.se. 
4 . « 
• 
24.« 
ks.no. 
4 .« 
»• 
21.« 
Pu.ve. 
1 . 1 
*» 
22.1 
Fu.se. 
1 . 1 
13* 
19.1 
Pu.ve. 
4 . 1 
5*Hn 
"CO 
«CO 
«*n 
110«, 
*9 
124 Sb 
117, CS 
4.« 
11 
I t 
42 
5.9 
7.« 
1.4A 
11.0 
91 
210 
7 .« 
t . 3 
1.5ft 
5 .1 
29 
44 
2 . 1 
• .4 
1.7« 
« . 4 
1« 
52 
O . W 
• .4 
I . J 
J.2 
21 
11 
1.57 
0.«* 
9 . 4 
1.71 
4 . 3 
24 
31 
0.7« 
0 .4 
O.tft 
2 .5 
11.2 
1*.0 
7 .« 
0 . M 
3 .1 
14.0 
10.9 
• -7 
0.1ft 
• .4 
13.2 
5 .« 
1.«« 
1.5 
34 
42 
1.7« 
( . 0 
1.77 
10.3 
41 
73 
2.5 
9 .0 
1.2f t 
4.8 
6.4 
«.• 
* Locacions south of th* outlet; th* other locations w*r* situated north of th* outlet. 
••Cf. Pi«j. 3.2.1.2. 
T«>3Le J . 2 . * . 1 . C W i - w i ' t m radioa-ecl iJes m Tia* xesica.as.is f j . v e . ' urtA Pjcit *ecr«-j» 
f i . * » . c»i:ec^*M »: St finals * J ? J K *» ' N ) . ' "n i t : •*? km"' *ry w"i«ft* * 
» • - i t t i r * 0 - • • 
» i r y M - t e r 
5?*>r;*s 
Z:i:s^.:9 'ram 
-
j ' . * 
P ; . v » . 
5. J 
• 
n.s 
»>.»•. 
: . J 
4 1 
J 4 . « r 1 . 4 
t i . i t . 
- . 4 
• 
2 4 . « 
f i.M. 
' - • 
5 
24. I 
r i . i t . 
4 . r 
* 
1 7 . « 
ri.sc. 
4 . * 
• 
2 ? . ? 
Ti.it. 
4 . « 
* 
24.4 
P l . » « . 
4 . « 
•o« 
14.S 
P i . v e . 
: . • 
V 1 
2 * . 4 : 1 . 4 
P i . ; ? . 
»• 
H . 4 
»;.!•. 
•!• 
2 2 . 1 
P . . / • . 
4 . * 
r. " 1 "4 " . I r a . 5 ( . 4 ' . 4 4 . 1 J.J ) . J 24 ) • •", )• * . 4 
i < - : s ; : 4: - J • * si 41 41 )4 241 221 -•-, i i - , H 
I '147 4 * : " 4 ^4 *12 44 M <! 44 121 421 - - 4 4-'! -J 
-: ' H I "*5 »1 "J "11 4 ! 4» 4 ' 44 221 »4 - • if. 41 
* « J •« J" 4 . 4 - : . ^ J . - 1.4 ' . - ' 1.' .2 » - 4 . 1 ! . ' • : . 4 1 . " 4 2 .1 
4 .2 
» .1 1.4 • . 4 - 1 . 4 « . ? 7 .4 4 .4 4.4 4 . 4 - . 4 ' . .4 4 .4 
1.1 • 
L ^ I - . H - M n;-." if :•:<• i;r;**.; *.".* T.".*r i-icariam *4r« l i ' . i r H T7rf. -»f in* 
• : ; . »•.;. I . J . ' . J . 
T*e »rr j r *.*r* i» ' S.i. i f -.-.» «»4n i f 1 S4apl*s. 
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spectively, and for Fucus vesiculosus from Barsebåck the ratio 
is 5.02±0.14 (S.E., n = 36). 
The activity concentration of reactor produced nuclides in 
Fucus can be expressed by a power function: 
A = k x-e 
where X is the distance in km from the point of discharge. 
Northward from Barsebåck, out to ~ 125 km, a fl-value of 1.4±0.1 
has been found for 60Co (chapter 5.11.3 and refs. 1, 10 and 
32). 
After normalizing all reactor-related data from Ringhals, the 
northward distribution showed 0-values of 0.631 and 1.02 for 
the April and August samplings, respectively. Southward, a 6-
value of 1.02 was recorded at both samplings. Pooled results 
back to 1977 (n = 11 northward, 10 southward), gives mean values 
of 0.82±0.14 (S.D) northward and 0.95*0.08 (S.D.) towards the 
south. The Ringhals-values are calculated only from data within 
5 km from the discharge point. 
Table 3.2.1.5 shows a comparison of the 3 fucoids Fucus vesicu-
losus, Fucus serratus and AscophyMum nodosum. The levels of 
significance of differences from unity are indicated. 
Tables 3.2.1.6-3.2.1.7 report transfer factors calculated as 
TF = , I 
. m ^ GBq month"1 
where Aj[ is the activity of the sample collected in month i (Bq 
kg"1 dry weight), D^ is the discharge during month j (Bq month"1) 
and m is the number of months in the calculation. Here m is 
chosen as 12, i.e. the transfer factors are based on the mean 
discharge rate during the 12 months preceding the sampling. 
Monthly discharges are from reference 36. 
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Table 3.2.1.5. Ratios of activity concentrations 
on dry weight basis in Fucus vesiculosa* (Fu.ve.), 
Fucus serratus (Fu.se.) and Ascophyllua nodosum 
(As.no.) collected at Ringhals 1978-1983 
Isotope 
60Co 
58Co 
54«n 
652n 
110mAq 
'«Cs 
131! 
95Zr 
Fu .ve./Fu. 
0.83**±0.058 
0.86**tO.043 
1.09 
0.88 
1.57* 
1.05 
0.94 
0.89 
JO.070 
20.076 
±0.212 
20.041 
se. 
(n»17) 
(n=16) 
(n-15) 
(n»17) 
(n»13) 
(n«16) 
(n«1) 
(n=1) 
Fu.we./As.no. 
1.3 ±0.24 (n*7) 
3.0**±0.36 (n=7) 
3.8* tO.39 (n»4) 
1.5 ±0.32 (n«7) 
1.1 ±0.21 (n=5) 
1.4**±0.05 (n*5) 
1 .i ;n*l) 
The error term was 1 S.E. 
In Tables 3.2.1.6 and 3.2.1.7 transfer factors, TF, from Barse-
back and Ringhals from 1983, and mean values from 1977-1983 
are reported. As the monthly discharges are very different the 
TF-values would vary even if the plants accumulated the same 
fraction of the discharged nuclides throughout the year. Dif-
ferences in growth and in temperature also contribute to the 
variation. The fairly good reproducibility of the TF-value for 
most nuclides from both Barseback and Ringhals is therefore 
remarkable. 
As discussed earlier1'321, the TF-values are higher at Barseback 
than at RinghaJs. As furthermore ratios between radionuclides 
differs, a hydrodynamical explanation will not br> sufficient. 
An experimental programme aiming at elucidating these differ-
ences and at estimating concentration factors for the relevant 
nuclides was initiated in 1983 (cf. chapter 3.2.5). 
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Table 3.2.1.6. Transfer factor, TF, without decay-correction. 
Fucjs vesiculosus collected at Barseback, location 24, 1.4 km 
nort.i of the outlet 
Isotope 
60Co 
60Co m**n: 
58Co 
58Co mean: 
54Hn 
54Mn mean: 
«Zn 
65Zn mean; 
no*Ag 
"°«Ag mean: 
5,Cr mean: 
Sampling 
date 
9/2 
2/5 
13/12 
1983 
1977-'983 
9/2 
2/5 
1983 
1977-1983 
9/2 
2/5 
13/12 
1983 
1977-1983 
9/2 
2/S 
13/12 
1983 
1977-1983 
2/5 
1983 
1977-1983 
1977-1981 
Discharge 
12 
GBq month' 
4.1 
4.1 
4.1 
0.30 
0.31 
0.24 
0.29 
0.23 
0.34 
0.23 
0.22 
0.012 
the preceding 
months 
-
1
 rel . S.D.% 
83 
64 
94 
133 
129 
92 
79 
74 
131 
»2 
88 
139 
Bq kg"1 
G8q a 
460 
186 
330 
320178 
600*79 
143 
106 
124*19 
260*49 
300 
280 
210 
260*30 
400*42 
410 
300 
510 
410*60 
550*83 
580 
580 
132*47 
49*17. 
TF 
dry weight 
»nth-1 
(n - 3) 
(n * 19) 
(n = 2) 
(n * 18) 
(n * 3) 
(n « 19) 
(n - 3) 
(n * 19) 
(n « 1) 
(n - 11) 
.5 (n « 4) 
The error term was *1 S.E. 
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Table 3.2.1.7. Transfer factor, TF, without decay-correction. Fucus vesiculosus (from 
Tabi.es 3.2.1.2 and 3.2.1.3) collected at Ringhals, location 6, 1.9 km north of the outlet 
and location 9, 1.1 km south of the outlet 
Discharge the preceding ^
 kg-l ,jry w ei 9 h t 
Sampling 12 Months TF * 
Isotope date GBq month*^ 
GBq month'1 rel. S.D.I Location 6 Location 9 
*°Co 
" 
6 0 C o mean: 
5*Co 
-
5 8 C o mean: 
5
*!in 
• 
'*Mn mean: 
«Zn 
-
6 5Zn mean: 
"°% 
-
14/4 
9/8 
1983 
1977-1983 
14/4 
9/8 
1983 
1977-1983 
14/4 
9/8 
1983 
1977-1983 
l«/4 
9/8 
1983 
1977-1983 
14/4 
9/8 
3.35 
5.19 
2.20 
4.74 
0.32 
0.62 
1.4S 
1.56 
0.038 
0.032 
65 
95 
124 
118 
142 
108 
107 
52 
100 
100 
8.6 
22.7 
15.6*7.0 (n»2) 
11.1*2.0 (n«12) 
2.3 
16.9 
9.6*7.3 (n«2) 
6.4*1.2 (n-12) 
4.7 
17.6 
11.2*6.4 (n-2) 
13.4*2.2 (n*12) 
30.3 
59.6 
45.0*14.6 (n-2) 
40.5*10.2 (n»12) 
73.3 
135.6 
10.1 
80.4 
•5.3*35.2 
18.5* 9.0 
3.9 
46.8 
25.3*21.4 
13.2* 5.0 
5.2 
50.1 
27.7*22.5 
15.7* 5.2 
29.3 
124.2 
76.7*47.5 
91.3*21.9 
46.6 
92.6 
(n=2) 
(n-8) 
(n-2) 
(n-8) 
(n-2) 
tn-8; 
(n=2) 
(n = 8) 
'Ag mean: 1983 104.4*31.1 (n-2) 69.6*23.0 (n-2) 
1977-1983 76.3*23.2 (n-11) 99.3*30.3 (n-8) 
5 ,Cr aean: 1978 1.13 (n«l) 
The error term was *1 S.E. 
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3.2.2. Y-emitting radionuclides in benthic invertebrates 
Tables 3.2.2.1 and 3.2.2.2 show results of the Y-countings on 
benthic animals from Barseback and Ringhals in 1983, and in 
Tables 3.2.2.3 and 3.2.2.4 these results have been compared 
with identical Fucus samples, when available. As for the sea-
weeds (cf. Chapter 3.2.1), the results for benthic animals 
are now reported on the basis of dry weights. Averaging data 
back to 1980 give a mean dry matter content of 9.55% and 13.7% 
for Mytilus soft parts from Barseback and Ringhals, respect-
ively. The dose commitment to a hypothetical critical individ-
ual consuming 20 kg Mytilus edulis soft parts (fresh weight) 
yearly would be approximately 3 pSv y-' based on mussels from 
location 24 in Table 3.2.2.1. This is < 0.2% of the background 
radiation dose. 
Table 3.2.2.1. Gamma-emitting radionuclides in benthic animals collected 
at Barseback in 1983. (Unit: Bq kg-1 dry weight) 
Spec ies 
Date 
S ta t ion No.* 
% dry matter 
Distance from 
o u t l e t in km 
Depth in m 
Mytilus 
e d u l i s 
( so f t part) 
9 / 2 
24 
8 . 0 
1 .4 
0 -1 
Mytilus 
edul i s 
(soft part) 
30/9 
24 west 
9 . 4 
1 . 4 
0 - 1 
Mytilus 
e d u l i s 
( s o f t part) 
30/9 
24 east 
10.3 
1.4 
0-1 
Mytilus 
e d u l i s 
( so f t part) 
30/9 
26 
8 . 5 
4 . 0 
0-1 
Aster ias 
rubens 
3 / 5 
30 
22.4 
3 . 7 
14 
51Cr 37 B 
54Mn 9.6 A 
™Co 17.1 
fi0Co 250 240 220 40 2.6 
6 5Zn 39 79 A 70 
, 3 7Cs 7.7 A 6.3 A 3.1 
•Cf. Fig. 3.2.1.1. 
Table 1.2.2.2. Gasmj-eiiii" inq radionuclides in bent hi c aninals collected at Ringhals in 1983. (Unit: Bq kg"' 
*1ry weiuht) 
Spevies Rupaqurus Buccinu« Sea Mytilus Mytilus Mytilus Mytilus Mytilus Mytilus Nytilus Mytilus Mytilus 
bernhardus undatun urchin edulis edulis edulls edulis edulis edulis edulis edulis edulia 
(total) (soft part) (total) (sort part) (soft part) (soft part) (soft part) (soft part) I soft part) (soft part) (soft part) (soft part) 
14/4 14/« 9/8 9/8 9/8 9/8 9/8 
Stat »on No.• 
* .try Matter 
Pittance fro* 
outlet in s.a 
Depth tn • 
1« 
28 
- 2 
14 
18. 1 
- 2 
1« 
28 
- 2 
7 
17.1 
0.2 
0-1 
S 
14.« 
«.l 
0-1 
8 
IS.8 
4.8 
0-1 
I34 
12.2 
«.! 
0-1 
t 
11.9 
1.9 
0-1 
5 
12.9 
«. 1 
0-1 
8 
10.4 
«.8 
0-1 
10* 
11.4 
0.9 
0-1 
13* 
12.8 
4. 1 
0-1 
^**n 
s
*v-n 
MVo 
»
s:n 
'"»-A* 
'»V. 
0.4 B 
2.8 a 
12.3 
9.0 
4 B 
3.0 A 
17.0 
99 
4.« 
13.« 
0.8 B 
2.2 
9. t 
2.4 
3.4 
30 A 
48 
141 
38 
94 
17 A 
22 
84 
8. 
88 
112 
440 
10. 
7 
,2 
15.5 A 
28 
91 
3.2 2.6 2.7 
rO 
Ul 
•Of. Fiq. 3.2.1.2. 
^Locations south of the outlet] the other locations were situated north of the outlet. 
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Table 3.2.2.3. Activity ratios on dry weight basis, Nytiius cdulis soft part to 
Fucus vesiculosus collected at Barseback in 1983 
L o c a t i c n 
24 
D a t e 
9 / 2 
6 0 C O 
0 . 1 3 4 
s 8 C o 
0 . 4 0 
6 5 Z n 
0 . 2 8 
' " c s 
0 . 7 7 
"
0
» A g 5 « N n 
0 . 1 3 5 
»
5
* r , 4 « C e 
Mean 1980-1983 0.165 0.335 0.77 0.456 3.38 0.093 0.297 0.82 
S.E. 0.037 0.120 0.29 0.113 0.021 
n 4 4 4 4 1 3 1 1 
Table 3.2.2.4. Activity ratio« on dry »tight basil, Hytilua »dulls soft part (fro> Table 3.2.2.2) 
to Fucus vesiculosus and rucus serratus (fro« Tables 3.2.1.2 and 3.2.1.3) collected at Mn^hals 'n 1481 
Brown algae Location Date »"Co 5,Co *5In ,37Cs "°"»o. s4lln ,sIr ,4*Ce ,14Cs 
Pucus 
vesiculosus 7 14/4 0.144 0.097 0.70 0.43 
5 • 0.23 0.44 0.50 
8 " 0.1*6 0.32 0.54 0.33 
13 • 0.50 0.53 0.3* 
6 9/8 0.41 0.30 1.52 
5 " 0.5» 2.1« 
8 * 0.44 0.42 2.05 
10 * 0.35 0.34 2.00 0.73 0.3« 
13 * 0.39 0.41 1.44 0.32 
Mean 198 3 
S.E. 
n 
Mean 1977-1983 
s.e. 
Fucus serratus 5 14/4 0.20 0.44 0.55 
8 * 0.157 0.2« 0.48 0.30 
6 9/8 0.3« 0.34 1.41 
5 " 0.51 1.9« 
8 * 0.4« 0.45 1.83 
Mean 1983 0.34 0.35 1.22 0.43 
S.E. 0.069 0.055 0.32 0.130 
n 5 3 5 2 
Mean 1977-1983 0.30 0 .23 0 .95 0 .3« 0 .3« 0 .078 0.17 
S.C. 0.063 0.053 0.192 0.061 0 .29 
n 12 7 11 t 2 1 I 
0.36 
0.048 
9 
0.3« 
0.052 
20 
0 .33 
0.O49 
6 
0 .27 
0 .028 
16 
1.32 
0 .75 
9 
1.1« 
0.161 
19 
0.39 
0.033 
5 
0.3« 
0.038 
13 
0.73 
1 
0.72 
0.177 
7 
0 .3« 
1 
0 .160 
0 . 0 « ! 
4 
0 .22 
0.05 
3 
o . t o 
0 .05 
4 
0 . 
1 
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3.2.3. Y-emitting radionuclides in fish 
Tables 3.2.3.1 and 3.2.3.2 show results from 1983. As the power 
plants do not contribute to the only significant nuclide meas-
ured (137Cs), no dose calculations are reported here. 
Table 3 . 2 . 3 . 1 . Gamma-emitting r a d i o n u c l i d e s in f i s h meat 
c o l l e c t e d a t Barsebåck, l o c a t i o n 30 (55°45'93N 12°52 '72E) , 
198}. ( U n i t : Bq kg"1 f resh) 
S p e c i e s 
Dab 
Cod 
Dace 
3 / 5 
3 / 5 
13«cs 
0 . 0 8 4 A 
0 . 1 8 0 
' " C s 
3 . 5 
6 . 7 
Table 3 . 2 . 3 . 2 . Gamma-emitting r a d i o n u c l i d e s in 
f i sh meat c o l l e c t e d a t R ingha l s , l o c a t i o n 14, 
Apr i l 15, 1983. ( U n i t : Bq kg" 1 f r e sh ) 
Spec ies b 5Zn 1 J / C s 
Dab 0.29 A 2.6 
Flounder 1.85 
3 .2 .4 . Y-emitting radionucl ides in sea sediments 
As previous ly , sediments sampled by the HAPS bottom corer were 
s l iced in 3 cm thick sec t ions and analysed by Y-spectrometry 
(cf. Tables 3 . 2 . 4 . 1 - 3 . 2 . 4 . 2 ) . 60Co o r i g i n a t i n g from the power 
p lan t s was de tec tab le at both s i t e s . 
3 . 2 . 5 . Field experiments a t Ringhals 
Aiming mainly at the determination of concentrat ion fac tors 
between Fucus and water, a specia l programme was i n i t i a t e d in 
April 1983 at Ringhals. in 1984 Barsebåck and Forsmark wi l l be 
included too. 
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T a b l e 3 . 2 . 4 . 1 . G a m m a - e m i t t i n g r a d i o n u c l i d e s i n s e d i m e n t s a m p l e s c o l l e c t e d a t B a r s e h å c k , 
l o c a t i o n 3 8 , i n 1 9 8 3 . 
D e p t h 6 0 C o 1 2 5 S b 1 3 7 C s 
D a t e i n m 
Bq k g " 1 d . w . Bq m " 2 Bq k g " ' d . w . Bq iti"^ Bq k g " ' d . w . Bq m - 2 
9 / 5 0 - 3 1 4 . 9 »8 4 . 2 A 25 A 
3-6 
6 - 9 
9 - 1 5 
5 . 3 50 
86 
50 
38 
7 . 6 
510 
4 7 0 
300 
191 
0 - 1 5 £ 138 r 25 I 1470 
4 / 1 1 0 - 3 
3 - 6 
6 - 9 
9 - 1 2 
1 2 - 1 5 
150 
1 . 8 8 
1160 
23 
1 9 . 9 151 79 
43 
1 0 . 5 
3 . 6 
1 . 6 A 
6 0 0 
520 
132 
50 
24 A 
0 - 1 5 £ 1180 £ 151 Z 1330 
Table 3 . 2 . 4 . 2 . Gaguna-emittlng r a d i o n u c l i d e s in sediment a m p l e « c o l l e c t e d a t R inghala , l o c a t i o n 2 , in 1983. 
(Area: 0.0145 m2) 
Depth 5 4Hn 60CO ' « S b ' " c » 
Date in • 
Bq kg"1 d.w. Bq m"2 Bq kg"1 d.w. Bq m"2 Bq kg"1 d.w. Bq m"2 Bq kg"1 d.w. Bq «T2 
14/4 0-3 9.4 133 17.8 250 
* 3-6 0.3 B 9 B 6.4 220 1.1 A 40 A 12.5 430 
6-9 0.8 A 32 A 4.7 186 
9-12 0.6 A 29 A 2.8 123 
0-12 C 9 I 410 C 40 I 990 
I0/.1 0-3 
3-6 
6-9 
9-12 
0-12 
The idea i s to measure monthly t ime- in tegra ted mean values of 
the 6 0Co-concentra t ion in seawater and to compare them with 
seaweed samples. The in tegra t ion period for the water samples 
i s chosen as one calender month, and the corresponding sea 
10.3 
8.8 
230 
330 
3.1 A 
4.6 
70 A 
170 
19.1 
t . 4 
1.93 
0 .9 A 
420 
310 
96 
37 A 
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weed samples are *:ak«?n as closely as possible to the first day 
in the next month. This allows a comparison to be made with 
monthly discharge values^6). The time-integrated water sample 
is pumped into a 420 1 container by a continously running 
"Masterflex" peristaltic pump, which is set to ~ 400 1 per 
month. The water is enriched in stable cobalt by adding 50 g 
Co(N03) 2*6H20 and it is spiked with a known amount of 5 Co. At 
the end of the month cobalt is precipitated as CoS by adding 
330 g Na2S dissolved in water. After 1-2 days precipitation 
the overlying water is siphoned off, and the precipitate is 
taken to the laboratory for further concentration, drying, and 
Y-spectrometry. During the precipitation the water from the 
peristaltic pump is accumulated in another container. The 
chemical yield is usually 90-100%. In initial tests zinc (as 
65Zn) showed similar yields. 
The water-sampling equipment has been placed in a shed by the 
northern cooling water intake channel ~ 2.5 km north of the 
discharge point. On the open coast outside the channel, Fucus 
vesiculosus and Fucus serratus was sampled monthly (Table 
3.2.5.1), and Fucus vesiculosus was sampled in the channel 
(Table 3.2.5.2) close to the water-sampling station. It is 
not known why the radio-cobalt concentration in sea weed in 
the channel (location 99) somewhat is higher than at the open 
coast outside (location 98). Radiocobalt and "*Zn measured in 
the water samples are reported in Table 3.2.5.3, and by com-
parison with discharge data (Table 3.2.5.4), transfer factors 
from monthly discharge to water in the cooling water intake 
channel have been calculated (Table 3.2.5.5). The mean value 
of these numbers might be used to estimate the water concentra-
tion for months lacking water samples. 
In Table 3.2.5.6 the accumulation of nuclides in Fucus vesi-
culosus transplanted from a low-activity area 20 km south of 
the power plant to the cooling water intake channel is shown. 
By comparison with results in Table 3.2.5.2, it is seen that 
after 2 months ~ 90% of the level of 60Co, 65Zn and 54Mn is 
reached. Cobalt-58 obtains the same level as the natural popu-
lation already after the first month because of its short half 
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Table 3.2.5.1. GMaa-eaitting radionuclides in Pucus vesiculosus (Fu.ve.1 and Pucus serretus (Pu.se.) 
outside the northern cool i ..g-water intake at Pinghals (location 98, 2.3 ku north of the outlet) in (983. 
(Unit: Bq kg"1 dry weight) 
Date 
% dry u t t e r Fu .ve . 
Fu .se . 
28/3 
16.7 
2/5 
15.0 
2/6« 
20 .610 .a« 
2 0 . 4 M . 8 9 
30 /6 
16.6 
2/8 
26.0 
25.8 
1/9 
26 .1 
3/10 
19.6 
23 .7 
2/12 
20.6 
19.6 
Mean S .E . n 
'Hn Fu.ve. 1.88 2.9t0.09 5.8 7.2 (.1 5.2 4.8 
Fu.se. 3.0*0.33 8.0 4.8 4.4 
Pu.ve./Fu.se. 0.97 0.90 1.10 1.11 1.02 0.049 4 
'»Co 
" C o 
« 2 n 
Fu.ve . 
Fu .se . 
F u . v e . / F u . s e . 
Fu. v e . 
Fu .se . 
F u . v e . / F u . s e . 
Pu.ve . 
Fu .se . 
F u . v e . / F u . s e . 
5 .7 
17.9 
38 
8 .5 
23 
24 
1 1 . 0 t 0 . 8 2 
11.550.52 
0.95 
33 »2.7 
39 ' 1 . 8 
0.85 
35 t2 .4 
42 H . 8 
0.83 
57 
63 
35 
61 
100 
0.61 
87 
137 
0.63 
53 
98 
0.54 
39 
68 
61 
27 
34 
0 .80 
72 
85 
0.84 
82 
71 
1.14 
18.6 
27 
0.70 
79 
106 
0.74 
67 
77 
0.87 
0.76 
0.77 
0.85 
0.072 
0 .051 
0.124 
4 
4 
4 
*
5Hb Fu.ve. 2.1 
'
 10
"Ao. Fu.ve. 
Fu.se. 
Fu.ve./Fu.se. 
, 3 ,I Fu.ve. 26 
1 3 7Cs Fu.ve. 9.5 
Fu.se. 10.0 
Fu.ve./Fu.se. 
•The error ter« is 1 S.E. of the mean of 3 sanples. 
1.3 A 1.9 A 3.5 3.5 4.0 
5.1 2.7 3.3 
0.37 1.27 1.20 0.95 0.29 3 
10.U0.13 10.6 9.4 7.6 6.2 7.8 
10.0t0.74 9.3 6.0 7.6 
1.01 1.00 1.05 1.03 1.02 0.010 4 
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Table 3 . 2 . 5 . 2 . Gamma-emit t ing r a d i o n u c l i d e s in Fucus v e s i c u l o s u s c o l l e c t e d from t h e n o r t h e r n 
c o o l i n g - w a t e r i n t a k e channe l a t R i n g h a l s in 1983 ( l o c a t i o n 9 9 , 2 . 5 km n o r t h of t h e o u t l e t ) for 
comparison wi th wa te r samples ( c f . T a b l e 3 . 2 . 5 . 3 ) . ( U n i t : Bq k g " ' dry w e i g h t ) 
28/3 2 /5 2 / 6 30/6 2 / 8 1/9 3/10 1/11 2/12 
» dry m a t t e r 
5V 
»Co 
60 r 
65 , 
95 Zr 
110m 
* g 
124c 
134, Cs 
137 r 
19. 1 
1 .40 
12 .7 
2 2 . 4 18.5 17 .5 19.5 
2 . 3 
8 . 7 
38 
34 
0 . 8 B 
9 . 8 
9 . 7 
46 
53 
27 
5 . 6 
9 . 3 
A 
1 1 . 6 
51 
68 
47 
3 . 9 
6 . 4 
1.3 B 
10 .4 
82 
94 
48 
2 . 5 B 
3 B 
8 
79 
114 
61 
3 
5 . 
5 
1 
2 A 
8 . 5 
54 
106 
6b 
3 . 0 
1 .9 
A 
A 
1 1 . 9 
40 
128 
83 
4 . 4 A 
3 . 2 A 
6 . " 
2 0 . 0 
76 
61 
6 . 0 
18 .5 
92 
51 
2 . 5 A 
45 
11 .5 1 4 . 0 I ! . 4 1 2 . 0 1 3 . 5 13 .7 
Table 3 . 2 . 5 . 3 . Radiocobalt and Zinc-65 in monthly t ine - in tegrated water samples co l l ec ted from the 
northern cooling-water intake channel at Ringhals ( l oca t i on 99, 2.5 km nor th of the o u t l e t ) in 1983. 
(Uni t : Bq «T3) 
1/4-29/4 2/5-30/5 30/5-29/« 29/6-1/8 1/8-24/9 1/9-30/9 3/10-31/10 1/11-30/11 30/11-19/12 
58Co 
u C O 
« 5 . 
1.30 
1.68 
1.8B 
2.20 
1.47 
4.3B 
2.74 
2 .33 
2.55 
1.3 A 
0.92 
0.98 
0.70 
1.66 
1.0 A 
0.72 
0 .63 A 
0 .62 0.68 
T a b l e 3 . 3 . 5 . 4 . R e p o r t e d m o n t h l y l i q u i d d i s c h a r g e s from R i n g h . l a i n 1983 f r o « r e f e r e n c e 3 6 . 
( U n i t : Bq m o n t h - 1 1 
A p r i l K«y J u l y Aug Sept 
M C r 
"nn 
" c o 
^ C o 
" r e 
8
°Co 
8 5 Z n 
"°"»q 
1 3 1 , 
' ) « < - , 
" ' C I 
! 
1 
1 
a 
i 
6 
8 
1 
5 
7 •to" 
14 
0 
io - io ' 
0 - 1 0 S 
7 5 - l o ' 
3 " 1 0 * 
0 
0 - 1 0 7 
1 - 1 0 * 
4 - 1 0 s 
I .S7 
9.8 
1.20 
1.03 
2.9 
2. 1 
3.3 
2.8 
I 0 8 
107 
10* 
10 ' 
10« 
10» 
108 
I 0 7 
0 
6.0 108 
9.« - I 0 8 
7.4 
2.4 
1.20 
1.18 
5.4 
108 
109 
10« 
1 0 ' 
to' 
4 .2 . 1 0 * 
8 .1 
1.98 
2.6 
9 .5 
1.93 
108 
107 
lu« 
10« 
1 0 ' 
1 
1 
1 
1 
2 
9 
7 
3 
3 
T 
1 
56 
73 
60 
05 
1 
0 
1 
4 
2 
1 
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• 1 0 8 3 .1 - l o ' 1 .00 -10 9 5 . 4 - 1 0 9 1 . 9 1 - 1 0 ' 3 . 5 - 1 0 ' 8 . 
- 1 0 7 0 7.7 - 1 0 7 1.1 - 1 0 8 5 .6 - 1 0 7 8.8 • 1 0 7 4 . 
• 1 0 ' 6 . 2 - I 0 ? 4.6 ' 1 0 7 3 . 8 " 1 0 8 0 0 
• 1 0 ' 9 . 7 - l O 8 7.5 - I 0 8 9 . 7 . I 0 8 1 . 3 2 - 1 0 9 8.8 • 1 0 8 3. 
• 10* 1 . 4 7 - 1 0 ' 1 . 3 2 - 1 0 ' 1.73« TO' 2.4 - 1 0 ' 1 .66-10 9 7. 
9 - 1 0 7 
2 9 - 1 0 8 
2 - 1 0 5 
7 - f O 8 
6 3 - 1 0 7 
1 - i o ' 
6 - 1 0 8 
3 > I 0 T 
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0 - 1 0 ' 
10* 
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108 
10' 
10* 
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tab l e 1 .2 .S .S . Tranafer-faetor froa reported eonthly discharge (GSq) t o aonthly t iae - tn tegrated eean 
vater concentration (Bq a"1) in th« cool ing-neter intake ( locat ion 99, 2.S ka north of the o u t l t t ) 
at Ringhals in 1981. (Bq »"VGBq aonth"' or 10"' » aonth m'3i 
April May June July Aug Sept Oct MOW Dec i S.E. 
*°Co 0.19 0.44 0.29 0.14 0.19 0.17 0.21 0.11 0.11 0.211 0.O13 9 
«Zn 0.47 0.24 0.2« 
Table 3.3.5.6. Gaaaa-eaitting radionuclides in Fucus vesiculosus transplanted fro« Stora Nass, 
Varberg (57°07'N 12°11'E) te the northern cooling-vater intake channel at Ringhals (location »7) 
June 2, 1981. (Unit: Bq kg~1 dry weight) 
2/6-83 10/6-B3 2/8-M 1/9-83 3/10-83 1/11-83 2/12-83 1/2-84 1/3-84 2/4-84 
t dry utter 19.1 2:.9 27.7 26.0 21.6 22.1 21.5 21.1 24.5 23.8 
54. 
'"n 0.6 B 5.9 7.2 10.1 10.5 6.1 7.1 4.8 4.8 A 5.0 
13 11.4 7.6 
85 118 112 
Jn 16.3 57 67 81 « 50 32 30 20 
" C o 
*°Co 1.99 
65 
110.«, 
13 V . 
92 
65 
3.4 
12.5 
A 
 
90 
100 
8. 
 
4 
 
58 
106 
7. 
 
9 
 
46 
122 
11. 
.  
.9 
 
28 
93 
 
10. 
.1 
6 
21 
105 
2.6 A 
16.1 12.0 16.1 15.5 
life. These results shows that in June-August 1983 the sea weed 
equilibrated with water levels in 2-3 months. Due to the ef-
fects of temperature and growth, this equilibration time is 
expected to be a minimum. 
Table 3.2.5.7 shows preliminary numbers for concentration fac-
tors between water and Fucus vesiculosus based on the mean 
transfer factor for 60Co from discharge to water (Table 3.2.5.5) 
and transfer factors for several nuclides to sea weed sampled 
1977-83. Taking an average of ratios between monthly Fucus 
vesiculosus samples (Table 3.2.5.2) and water samples the pre-
ceeding month (Table 3.2.5.3) gives a 60Co-value of 80 000, 
i.e. a factor 2 higher than the above estimate. This might be 
because a decreasing concentration in the water gives an exag-
gerated number for the concentration factor due to 60Co from 
earlier months in the plants - especially during the winter 
when growth rates are low. Another explanation might be an in-
adequate correction for differences between the two locations 
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- in that case all the reported concentration factors should 
be raised. The concentration factors for Hytilus are estimated 
on the basis of ratios between Nytilus soft parts and Pucus 
(Table 3.2.2.4). 
It is noted that these factors apply to the Ringhals environ-
ment (18-20 o/oo salinity) and Ringhals-discharges alone. 
Ratios between the different nuclides are different at Barse-
back!» 3 2 ) . 
Table 3 . 2 . 5 . 7 . Concentration fac tors for Pucus v e s i c u l o s u s 
and Mytilus e d u l i s s o f t parts from Ringhals ca l cu la ted on the 
b a s i s of mean trans fer fac tors from discharge to sea weed at 
l o c a t i o n 6, 1977-83 (Table 3 . 2 . 1 . 7 ) , t o water at l oca t ion 99 
(Table 3 . 2 . 5 . 5 ) , and on measured r a t i o s between Pucus and 
Mytilus 1977-83 (Table 3 . 2 . 2 . 4 ) . The d i s t a n c e - r e l a t e d d i f f e r -
ences between the two l o c a t i o n s are corrected by a factor 0 . 8 . 
The va lues are preliminary and w i l l be further assessed in 
the next report . (Uni ts : Bq kg _ 1 /Bq 1 _ 1 . ) 
60co 58Co 5<Mn 6 5 2n ""»Ag 5 1 C r 
Pucus v e s i c u l o s u s 
dry weight: 40.000 25.000 50.000 150.000 "»'0.000 4.300 
fresh weight: 9.500 5.500 11.500 35.000 65.000 1.000 
Mytilus e d u l i s , 
s o f t parts 
dry weight 15.000 6.500 8.000 180.000 200.000 
fresh weight 2.000 900 1.100 25.000 30.000 
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4. FALLOUT NUCLIDES IN THE ABIOTIC ENVIRONMENT 
by A. Aarkrog and Heinz Hansen 
4.1. Air 
4.1.1. Stront ium-90 
The mean air activity for 1983 was 1.8 i»Bq 90Sr m-3. This is the 
lowest annual mean found since our measurements began in 1956. 
Our paper filters have a background of 4.2 wBq 90Sr m~3. In 
1983 we subtracted this background from our results. If we do 
the same for the 1982 data, they then become been 2.9 uBq 90Sr 
Table 4.1.1. Strontium-90 in air collected at Ris« in 
1983. (Unit: i»Bq «"3) 
Month 
Daily air filters Weekly air filters 
Paper Glass 
Shunt Cut out 
January 0.0: 
February 2.6 \ 3.3 1.8 A 
March 2.2 
April 0.6! 
Nay 1.6f 
June 1.41 
July 2.4 
August 1.00 } 2.1 1.4 
September 0.1 C 
October 0.11 
November 1.22 > 0.8 B 0.6 
December B.O.t 
1983 1.13 2.8 1.5 
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m~3, i.e. from 1982 to 1983 the 90Sr air concentrations de-
creased by a factor of 2.6. 
The results for "shunt" and "cut out" of weekly glass-fibre fil-
ters (those used for y-spectroscopy in Table 4.1.2.1) suggest 
that there may be an error in our air volume calculations. How-
ever, the 90Sr concentrations were too low for a reliable cal-
culation of a possible correction factor. 
Figure 4.1.1 shows the quarterly levels of 90Sr in air since 
1957. 
4.1.2. Cesium-137 
Air samples were collected weekly by means of a "new" air sampler 
installed in 1979 at Risø. The sampler collects the air dust on 
Table 4.1.2.1. Cesium-137 in glass-fibre air filters 
collected once a week at Risø in Denmark in 1983. 
(Unit: wBq m~3) 
Honth 
January 
February 
March 
April 
Hay 
June 
July 
August 
September 
October 
November 
December 
1983 
wBq m-3 
1.40±0.15 
1.83*0.31 
2.0 ±0.34 
2.3 ±0.22 
2.6 ±0.42 
4.1 ±0.64 
3.3 ±0.64 
2.3 ±0.28 
1.44±0.26 
0.80*0.04 
0.79±0.16 
0.81±0.07 
1.97 
n 
4 
4 
4 
5 
4 
4 
5 
4 
5 
4 
4 
5 
The error term is 1 S.E. of the mean. 
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6 glass-fibre filters each 56 x 48 cm2. The filters collect ap-
proximately 275,000 m3 in one week. 
Table 4.1.2.1 shows the monthly 137Cs concentrations in air 
from Risa. The concentrations have decreased by a factor of 2.7 
since 1982. 
Table 4.1.2.2 shows the annual 137Cs concentrations in air col-
lected at Risø since 1958. 
The mean 137Cs/90Sr ratio in Risø air was 1.1 in 1983 which is 
lower than expected. Risø rain showed thus a ratio of 1.71. 
10 
8 
i 
E 
«» 6 
o 
ro jo 
cr U 
GO 
=1 
Fig. 4.1.2. Cesium-137 in ground level air at Risø in 1983. 
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Table 4.1.2.2. Cesium-137 in 
air collected at Risø 1958-1983 
Year fCi m"J uBq m 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
4.2 
13.1 
1.98 
2.3 
23 
66 
31 
10.6 
5.7 
2.1 
2.4 
2.4 
3.4 
2.7 
1.37 
0.47 
1.96 
1.30 
0.42 
1.62 
1.70 
0.62 
0.24 
0.81 
0.146 
0.053 
155 
480 
73 
84 
850 
2400 
1150 
390 
210 
79 
88 
91 
127 
98 
51 
17.3 
73 
48 
15.5 
60 
63 
23 
8.7 
30 
5.4 
1.9 
4.2. Strontium-90 and various Y-emitters in precipitation 
Samples of rain water were collected in 1983 from the State ex-
perimental farms (cf. fig. 4.2) in accordance with the principles 
laid down in Risø Report No. 63, p. 511). 
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10°E 12°E 
10° E 12°E 15°E 
Pig . 4 . 2 . State experimental farms in Denmark. 
Table 4.2.1 shows the results of the 9"Sr determinations and 
Tables 4.2.2 and 4.2.3 the analysis of variance of the results. 
The maximum concentration in precipitation occurred in July-
August when the mean content in precipitation was 14 Bq 9"Sr 
m~3, and the maximum fallout rate also occurred in March-April, 
0.45 Bq 90Sr m~2. The mean levels for ten State experimental 
farms were 1.65 Bq 90Sr m~2 and 2.4 Bq 90Sr m"3. The fallout 
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Table « . 2 . t. StrontluB~)0 fa l l - ou t in trenurk in T983 (saapllng area at each loca t ion: 0 . U 7 m?) 
Unit Tylstrup Borris Øduot Askov S t . Jyn- Blanq- Tystofte Ab*d Åkirkeby 
devad stedqlrd 
Ledre-
borg 
Jan-Feb 
Bq 
Bq 
Bq 
H a t c h - A p r i l 
Bq 
Ray-June 
July-Aug 
Sapt-Oct 
Nov-Dec 
1983 
Bq 
Bq 
Bq 
Bq 
Bq 
Bq 
Bc 
Bq 
Bq 
Bq 
m~ 
m~ 
m~ 
1
 1.43 
! 0 .133 
1
 1.81 
! 0 .29 
1
 3 .2 
* 0 .54 
1
 16.5 
0 .81 
1.73 
0.43 
1.65 
0.164 
i 2 . 9 
l 2 .4 
1.93 
0 .199 
3.4 
0 . 5 1 
2 . 9 
0 .55 
7 .9 
0 .170 
0 . 8 9 
0 .30 
1.11 A 
0 . 1 7 0 * 
1.99 
1.90 
1.43 
0 .108 
4 .2 
0 .60 
2 .5 
0 .31 
6 .6 B 
0.101B 
0 .67 
0.120 
1.06 
0 .097 
2 .1 
1.34 
2 .8 
0.27 
1.71 
0 .35 
2 .7 
0 .37 
( 9 . 3 ) 
10.056) 
0 .58 
0.155 
0 .51 
0 .081 
1.47 
1.28 
0 .181 
1.99 
0 .37 
1.61 A 
0 .27 A 
4 . 5 
0.095 
0 .91 
0 .21 
0 .63 
0 .101 
1.44 
1.23 
1.44 
0.102 
1 .50 
0 . 2 4 
2 . 5 
0 .28 
19 .6 * 
0 . 0 7 5 * 
1.19 
0 .142 
0 .90 
0 .103 
1.63 
0 .94 
7. ' ' 
0.34 
5.6 
0.82 
2.6 
0.30 
33 
0.117 
4.1 
0.35 
0.98 
0.096 
4.1 
2.0 
2 . 3 
0 .113 
2 . 1 
0 .28 
2 . t 
0 .37 
9 . 8 
0 .110 
2 . 2 A 
0.188« 
1.38 
0 .141 
2 . 2 
1.20 
6.1 
0.23 
5.2 
0.69 
5.8 
0.51 
23 A 
0.51 A 
5.1 
0.78 
2.4 
0.29 
5.4 
3.0 
1.90 
0.107 
2 .2 
0 .32 
1.99 
0 .23 
45 
0 .171 
2 .6 
0 .24 
1.23 
0 .124 
2 . 3 
1.19 
2.51 
0.177 
2.9 
0.45 
2.7 
0.37 
14.2 
0.22 
1.61 
0 .29 
1.14 
0 .137 
2.4 
1.65 
m pracipi tat ion c 0 .8 i2 0.961 0.629 0.868 0.851 0.492 0.551 0.553 0.514 
Pigures in brackets ware calculated fro« VAR3,2). 
Table 4 .2 .2 . Analysis of variance of In Bq 9 0Sr m~3 
precipitation in 1983 (from Table 4.2.1) 
Variation SSD 
Between months 34.872 5 
Between locations 9.751 9 
Remainder 8.541 44 
6.974 35.928 > 99.95% 
1.083 5.582 > 99.95* 
0.194 
Table 4 . 2 . 3 . Analysis of variance of In Bq 9 0Sr m-2 
prec ip i t a t ion in 1983 (frosi Table 4 .2 .1) 
Variation SSD 
Between months 11.370 
Between locations 6.764 
Remainder 6.882 
s* 
5 2.274 14.538 > 99.95% 
9 0.752 4.005 > *9.95% 
44 0.156 
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rate in 1983 was 0.8 times that observed in 1982. The *uSr 
deposition in 1983 was nearly the same in Jutland and in the 
Islands. As in 1982 Bornholm (Åkirkeby) shows the highest 90Sr 
fallout levels. 
A comparison between the yearly amounts of precipitation found 
in the rain gauges used by the Danish Meteorological Institute9) 
and the amounts collected in our rain bottles at the same ten 
locations in 1983 showed a mean ratio of 1.09±0.14 (1 S.D.) be-
tween the two sampling systems. 
In order to determine the annual 137Cs fallout in Denmark, 10% 
of all rain samples from the ten state experimental farms were 
pooled into a single sample for 1983. 
The concentration in this sample was 2.8 Bq 137Cs m~3 and the 
deposit was 1.88 Bq 137Cs m-2. Hence the observed 137Cs/90Sr in 
fallout became 1.88/1.65 = 1.14 in 1983. 
Table 4.2.4. Strontium-90 in rain water collected in 
a 10 m^ ion-exchange column collector at Risø in 1983 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
m 
0.035 
0.020 
0.076 
0.075 
0.098 
0.052 
0.006 
0.006 
0.072 
0.033 
0.042 
0.045 
Bq m"3 
1.47 
1.13 
1.05 
1.13 
2.2 
1.31 
4.3 
3.4 
0.82 
0.86 
0.48 
0.26 
Bq m" 
0.051 
0.022 
0.080 
0.085 
0.21 
0.068 
0.027 
0.022 
0.060 
0.028 
0.020 
0.012 
1983 I 0.560 x 1.22 I 0.685 
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The ratio: '•i7Cs/'°Sr measured in monthly rain at Risø was 1.71, 
i.e. higher than the ratio found at the experimental farms; in 
air we found the ratio as 1.1. 
The washout ratios calculated for Risø was 1.22/1.8 = 0.7 for 
90Sr and 2.1/1.97 = 0.78 for 137Cs, these values were in reason-
able agreement with the usually observed washout ratio of 1.021). 
Tables 4.2.4 and 4.2.5 show the 90Sr and 137Cs levels in rain 
water collected at the 10 m2 rain collector at Risø. As compared 
with the State experimental farms in Zealand (Tystofte and Led-
reborg in Table 4.2.1) the 90Sr fallout (Bq m - 2) measured at 
Risø was only 43% and the concentration (Bq m~3) was 38%. The 
amount of precipitation at Risø was 0.560 ra which was 111% of 
the mean of Tystofte and Ledreborg. Our big ion exchange column 
at Risø may thus have been inefficient for the collection of 
9
^Sr from precipitation. A similar conclusion is reached if we 
look at Table 4.2.6. 
Table 4.2.5. Cesium-13"/ in rain water collected in a 
10 m2 ion-exchange column collector at Risø in 1983 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
m 
0.035 
0.020 
0.076 
0.075 
0.098 
0.052 
0.006 
0.006 
0.072 
0.033 
0.042 
0.045 
Bq m~3 
3.3 
2.6 
1.41 
1.42 
3.3 
2.4 
9.8 
3.7 
1.25 
1.66 
1.65 
0.74 
Bq m~2 
0.116 
0.051 
0.107 
0.107 
0.33 
0.125 
0.061 
0.024 
0.090 
0.055 
0.069 
0.034 
1983 Z 0.560 x 2 .1 1 1 . 1 7 
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Table 4.2.6. Strontium-90 in rain water collected in 
ion-exchange column collectors at Risø in 1983. 
(Sampling area 0.325 m2) 
Month 
January-March 
April-June 
July-Sept 
Oct-Dec 
1983 
m 
0.092 
0.126 
0.053 
0.105 
Z 0.376 
Bq 
x" 
90Sr •" 
3.3 A 
3.1 
1.84 
0.82 
2.3 
-3 Bq 
Z 
°0Sr m-2 
0.30 A 
0.39 
0.098 
0.086 
0.87 
Table 4.2.7. Tritium in precipitation collected at Ris« in 1983 
Month 
Jan 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
1983 
m 
0.035 
0.020 
0.076 
0.075 
0.098 
0.052 
0.006 
0.006 
0.072 
0.033 
0.042 
0.045 
Z 0.560 
1 m2 rain 
kBq m~3 
2.7±0.6 
4.0*0.4 
6.1*0.6* 
15.6*1.3 
3.6*0.4 
4.4*0.4 
5.3*0.2 
5.1*0.0 
2.8*0.5« 
1.6*0.2 
4.0*0.7 
2.1*0.7 
x 5.3 
collector 
kBq m"2 
0.094 
0.080 
0.46 
1.17 
0.35 
0.23 
0.032 
0.031 
0.20 
0.053 
0.168 
0.094 
Z 3.0 
10 m2 rain 
JcBq m"3 
16.2*1.1 
4.4*1.1 
8.4*1.1 
3.4*0.6 
3.4*0.2 
3.1*0.2 
5.5*0.0 
14.0*1.8 
10.5*0.2 
4.0*0.0 
5.3*1.3 
2.7*0.2 
X 6.0 
collector 
kBq m-2 
0.57 
0.088 
0.64 
0.26 
0.33 
0.161 
0.033 
0.084 
0.76 
0.132 
0.22 
0.122 
Z 3.4 
The error term is 1 S.E. of the mean of double determinations. 
•Triple determinations. 
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The surface of the 10 m2 rain collector is washed every month 
with diluted HNO3 and after evaporation the washwater is added 
to the ion exchange resin before the analysis. 
The tritium content of rain-water in 1983 (cf. Table 4.2.7.) was 
a little higher than in 1982. This is contrary to the decrease 
observed for 90Sr and 137Csr because tritium in rain depends 
also upon the accumulated deposition from previous years (cf. 
7). However, the tritium background at Risø is the most import-
ant reason for the nearly unchanged levels in 1983. 
Table 4.2.8 shows the tritium concentrations in rain-water from 
three other locations in Denmark. Compared with Risø the average 
concentration for these three stations was approx. half of that 
from Risø. The concentrations from Bornholm were higher than 
those at the stations in Jutland. As earlier mentioned (Risø-R-
487*)) this may reflect the high tritium concentrations in the 
Baltic Sea as compared with those in the North Sea. 
Table 4.2.8. Tritium in precipitation collected in 
Denmark in 
Date 
Jan-March 
April-June 
July-Sept 
Oct-Dec 
1983. 
Precipitation 
weighted mean 
(Unit: kBq m 3) 
Tylstrup 
2.4±0.6 
3.0±0.2 
2.7±0.3 
I.OiO.O 
2.3 
Jyndevad 
3.4±1.0 
3.2±0.1 
3.9*0.0 
B.D.L. 
2.6 
Bornholm 
3.3±0.4 
3.5±0.4 
2.7-J.9 
2.4±0.2 
2.9 
The error term is 1 S.E. of the mean of double 
determinations. 
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4.3. Fresh water 
4.3.1. Radionuclides in ground water 
As in previous years^, ground water was collected in March 
from the nine locations selected by the Geological Survey of 
Denmark. Figure 4.3.1.1 shows the sample locations and Table 
4.3.1 the results of the 90Sr, tritium and a 226Ra analysis. 
10°E 12°E 
57° N 
56°N 
55°N 
10° E 
Rønne 
12°E 15°E 
F i g . 4 . 3 . 1 . 1 . Ground wa te r sampl ing l o c a t i o n s in Denmark. 
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Table 4.3.1. Radionuclides in ground water collected in March 1983 
Location Bq 90Sr »~3 kg Ca m~3 JcBq 3H «~3 Bq 2?*Ra 
±1 S.E. m'3 
Hvidsten 
Feldbak 
Rømø 
Rønne new 
Rønne old 
Hassels 
Fåretofte 
Kalundborg 
Ravnholt 
Fredericia 
0.025 
86 
0.102 
0.021 
0.117 
0.081 
0.086 
0.S6 
0.062 
0.49 
B 
A 
B 
B 
A 
B 
0.032 
0.027 
0.030 
0.023 
0.0106 
0.143 
0.147 
0.0181 
0.107 
0.084 
B.D.L. 
4.2t0.2 
B.D.L. 
B.D.L. 
B.D.L. 
1.7±0.8 
4.1*1.2A 
4.6±0.0 
5.9-1.4 
4.Oil.4 
4.5 
94 ±10 
7.9 
1.62 
12.1 
7.1 
6.8 
6.0 
3.4 i0.6 
8.9 i0.8 
Geometric mean 
Median 
0.097* 
0.094 
0.062«* 
0.031 
2.412.3** 
(1 S.D.) 
2.8 
5.7* 
7.0 
A sample of ground water from Maglekilde in Roskilde contained 1.36 
Bq 90Sr m-3, 6.8±0.9 kBq 3H m-3, 1-..2 Bq 226Ra m-3 and 0.088 kg 
Ca m"3. 
* Feldbak was not 
"Arithmetic mean. 
The error term is 
included 
1 S.E. 
^Triple determinations. 
of 
in the geomet 
the mean of 
:ric mean. 
double determinations. 
The median level of 90Sr in 1982 was compatible with the values 
found since 1967 (cf. Fig. 4.3.1.2) but there seems to be a de-
creasing tendency with time. 
The tritium concentrations in 1983 were similar to the 1982 
levels. The tritium content of ground water has been decreasing 
since 1977 (cf. Fig. 4.3.1.4). The locations may be grouped as 
"high", "medium" and "low" level stations. Feldbak and Fåre-
tofte were not included in this grouping because they showed a 
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Fig. 4.3.1.2. Median 90Sr levels in Danish ground water, 1961-1983. 
time variation different from that of the other stations? in 
other words, there was an interaction between locations and 
years if these two stations were included. 
The radium content in Danish ground water was determined in 
1983. The concentrations varied from 1.6 to 94 Bq m~3. The 
median was 7 Bq 226Ra m"3. The highest concentration was found 
in the water from Feldbak. 
As appears from fig. 4.3.1.3, the 90Sr levels in ground water 
from Feldbak have been in the order of 50-100 Bq m"3 in later 
years. The arithmetic mean of 90Sr in Danish ground water in 
1983 (excluding Feldbak and including Maglekilde) was 0.29 Bq 
--3 
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Pig. 4.3.1.3. Strontium-90 in ground water at Feldbak i961-!983. 
4.3.2. Strontium-90 in fresh water frore Danish lakes and streams 
The 9^Sr content of stream water was higher in 1983 than in 1981. 
We have no explanation for this increase, and it is not expected 
by our prediction model (cf. Appendix CI). The streams from the 
western part of the country especially showed enhanced concen-
trations. 
The lake water contained a little less 90Sr than in 1981. 
4.3.3 Strontium-90 in Danish drinking water 
No samples in 1983. 
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Fig. 4.3.2.1. Sample locations for fresh water from Danish 
streams (S) and lakes (se). 
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Table 4.3.2. Strontium-90 in Danish streams and lakes in March 1983 
Zone 
I: 
II: 
III: 
IV: 
V: 
VI: 
VII: 
VIII: 
Mean 
±1 S. 
North Jutland 
East Jutland 
West Jutland 
South Jutland 
Funen 
Zealand 
Lolland-Falster 
Bornholm 
C. 
Bangsbo a 
Randers å 
Skjern a 
Ribe å 
Odense å 
Suså 
Halsted å 
Les å 
Bq 
Streams 
9°Sr m-3 
19 
17 
19 
12.6 
12.7 
8.2 
8.6 
17 
14.3 
1.6 
Lakes 
Norssø 
Mossø 
Flyndersø 
Hostrup sø 
Arreskov sø 
Arresø 
Søndersø 
Almindingen sø 
Bq 90Sr «-3 
43 
13.2 
12.7 
21 
13.6 
34 
27 
18.3 
23 
3.9 
75 
50 
to 
CD 
Ot 
cr 
m 
25 
i — i — i — i — i — i — i — i — i 1 1 — i — i — = | 2.0 
o Lakes 
v Streames 
- 1.5 
to 
1.0 ° 
o 
Q. 
0.5 
75 80 85 
YEAR 
Pig. 4.3.2.2. Strontium-90 concentrations (±1 S.E.) in 
8 Danish streams and 8 Danish lakes collected every second 
year since 1971. 
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4,4. Radionuclides in sea water in 1983 
As in previous years, sea water samples were collected by M/S 
Fyrholm from inner Danish waters (cf. Table 4.4.1 and figs. 
4.4.1, 4.4.2 and 4.4.3). Furthermore, sea water samples were 
collected at Barseback in the Sound, and at Ringhals in the 
Kattegat (Table 4.4.3). Samples were obtained from the research 
vessel DANA, which in 1983 have collected samples from the 
Danish straits as well as from the North and the Baltic Seas 
(Table 4.4.3). Furthermore, samples were obtained from F/S 
Gauss and from F/S Polarstern (Tables 4.4.3 and 4.4.4). 
Figure 4.4.2 shows that the maximum ^^Cs concentration in bot-
tom water occurred in 1979, since then the levels have decreased. 
Also the surface water shows decreasing '3?cs concentrations in 
1983. 
As earlier (Risø Reports Nos. 421, 447, 469 and 487)1) we found 
in 1983 that the transport time of radiocesium from Sellafield 
(Windscale) to the Danish straits was approximately 4 years and 
that somewhat less than 1% of the ^ 7 C s released from Sellafield 
enters the Baltic Sea. From the regression given in Fig. 4.4.6 
the 137Cs concentration in 35 o/oo sea water was estimated at 
69 Bq m~^ and we found 75 Bq m~^ according to the equation for 
137Cs related to salinity in 1983. 
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Table 4.4.1. Strontium-90, Cesium-137 and Cesium-134 in sea water collected around 
Zealand in May 1983 
Depth 90Sr 137Cs ,34Cs Salinity 
N E in n Bq m~3 Bq m - 3 Bq m - 3 o/oo 
Kulien 56°15' 12°25' 0 24 B.D.I.. 11.8 
" 17 23 74 2.7 33.3 
H e s s e l a * 5 6 ° 1 0 ' n ° 4 7 ' C 26 45 B .D.L . 20 .1 
• 23 60 2 .4 A 3 1 . 2 
Kattegat SW 56°07' 11°10' 0 31 B.D.L. 14.7 
• 27 18.9 66 2.4 33.4 
Asnas rev 55038' 10°47' 0 26 24 B.D.L. 12.4 
" 32 67 2.2 32.9 
Hal skov rev 55°23' 1 1°02' 0 24 B.D.L. 11.8 
" I 19 27 70 2.1 32.2 
Langeland bait 54°52' 10°50' 0 26 18.8 B.D.L. 9.6 
" I 29 67 1.79 31.0 
Fomern bælt 54°36' 11°05* 0 19.8 B.D.L. 9.6 
" l 2J 25 59 2.3 A 28.9 
Gedser odde 54°28' 11°59• 0 26 18.9 B.D.L. 9.2 
" 17 45 1.28 20.0 
Moen 54°57* 12°41' 0 16.5 B.D.L. 8.3 
" 22 2jj 21 B.D.L. 10.0 
The Sound - South 55°25* 12°37' 0 30 16.7 B.D.L. 7.8 
" * 1^ 16.4 B.D.L. 8.0 
The Sound - North A 55°48' 12°43' 0 16.6 B.D.L. 8.7 
" ; 14 2b 42 B.D.L. 18.9 
The Sound - Nor th B 55°59 ' 12°42 ' 0 25 19.5 B.D.L. 9.7 
" " 2J 76 2.3 31.6 
Mean Surface 26 23 11.1 
S.D. 1.76 8.15 3.45 
S.E. 0.72 2.35 1.00 
Mean 
S.D. 
S.E. 
Bottom 24 55 26.0 
2.79 19.98 9.30 
1.14 5.77 2.69 
•Collected in August. 
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Table 4.4.2. Strontium-90, Cesium-137 and Cesiu»-134 in sea water collected around 
Zealand in November 1983 
Position 
N E 
90 137r '34f Depth *uSr ,J'Cs ,J,Cs Salinity 
in m Bq m'3 Bq m-3 3q m-^ o./oo 
Kulien 56°15* 12°25' 0 
22 
23 
59 
51 
60 
B.D.L. 
1.8 A 
1.8 A 
B.D.L. 
11.3 
27.3 
25.0 
26.8 
Hesselo 56°10' 11°47' 0 
23 26 
Kattegat SW 
Hal*=kov rev 
56°Q7' 11°T0" 0 
35 
Asnæs rev 
. 
55°38* 10°47' 0 
23 28 
32 
44 
B.O.L. 
B.D.L. 
16.8 
23.1 
55°23' 11°03' 0 
18 
31 
41 
B.D.L. 
B.D.L. 
'5.8 
21.2 
Langeland bælt 54°52' 10°50 0 
29 
30 
44 
B.D.L. 
B.D.L. 
14.8 
21.6 
Femern bait 
Gedser odde 
n H 
54°36' I^OS' 
54°28' 11°59p 
0 24 
22 
0 
15 28 
29 
39 
B.D.L. 
B.D.L. 
21 
26 
B.D.L. 
B.D.L. 
15.1 
19.2 
11.3 
13.5 
Møen 54°57' 12°41' 0 
20 
29 18.0 
21 
B.D.L. 
B.D.L. 
9.9 
10.4 
The Sound - South 55°25' 12°37' 0 
11 
18.9 
19.4 
B.D* L. 
B.D.L. 
10.2 
10.7 
The Sound - North A 55°48' 12°44 0 
14 
25 13.6 
22 
B.D.L. 
B.D.L. 
10.5 
11.1 
The Sound - North B 55°59' 12°42' 0 
25 
21 
56 
B.D.L. 
B.D.L. 
10.8 
27.3 
Mean 
S.D. 
S.E. 
Surface 26 27 
2.65 9.66 
1.53 2.91 
13.8 
4.49 
1.35 
Mean 
S.D. 
S.E. 
Bottom 27 39 
1.15 15.33 
0.67 4.62 
1».3 
6.79 
2.05 
53 -
50 
/•o 
30 
to 
S 20 
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Pig. 4 . 4 . 1 . Strontium-90 in surface sea water from inner Danish 
waters, 1962-1983. (1 S.D. indicated) (from Table 4 . 4 . 1 ) . 
As was done e a r l i e r we calcula ted the regress ion equations be-
tween s a l i n i t y and 9"Sr and 137 Cs activity in the sea water: 
Bq *0Sr 
Bq 90Sr 
Bq 90Sr 
Bq 90Sr 
Bq 90sr 
Bq 9<>Sr 
Bq 9<>Sr 
Bq 90Sr 
Bq 90Sr 
Bq 9°Sr 
Bq 90Sr 
Bq 9°Sr 
Bq 90Sr 
m-3 
m-3 
m-3 
m-3 
m -
m-3 
m-3 
m-3 
m-3 
m-3 
m-3 
m-3 
m-3 
= 
= 
= 
= 
= 
= 
= 
= 
* 
= 
= 
= 
= 
34.8-0.67 
35.9-0.74 
35.2-0.52 
34.4-0.37 
29.2-0.22 
26.3-0.074 
26.3-0.056 
27.8-0.107 
27.8-0.31 
20.8+0.159 
25.9+0.098 
26.8-0.197 
27.6-0.056 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
1967-1971) 
1972) 
1973) 
'1974) 
1975) 
1976) 
1977) 
1978) 
1979) 
(1«'80) 
[1981) 
(1982) 
[1983) 
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Fig. 4.4.2. Cesium-137 in surface and bottom water collected 
in inner Danish waters 1972-1983. 
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Fig. 4.4.3. Sea water locations around Zealand. 
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The regression analysis showed only significant regression in 
1967-1971, 1972 and in 1974. 
Bq 137Cs m~3 = 
Bq 137Cs m~3 = 
Bq 137Cs m~3 = 
Bq 137 Cs m -3 = 
Bq 137Cs m"3 = 
Bq 137Cs m-3 = 
Bq 137Cs m~3 = 
Bq 137Cs m"3 = 
Bq 137Cs m~3 = 
Bq 137 Cs m -3 = _ 
Bq 137Cs m~3 = -
Bq 137Cs m"3 = -
29.6 -0.16 
22.2 +0.44 
20.0 +0.67 
23.7 +0.37 
19.6 +0.70 
15.2 +1.00 
10.4 +2.85 
33.3 +4.44 
9.1 +3.26 
5.0 +3.04 
4.11+2.56 
2.34+2.19 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
o/oo 
(1972) 
(1973) 
(1974) 
(1975) 
(1976) 
(1977) 
(1978) 
(1979) 
(1980) 
(1981) 
(1982) 
(1983) 
90 Sr 
The regression analysis showed significant or probably signifi-
cant regression in all years except in 1972. 
In a recent report17) from a cooperative programme under IAEA 
on the study of radioactive materials in the Baltic Sea, we 
have calculated the transfer factors of radiocesium and 
from Sellafield to the Danish Straits. 
For surface water (mean salinity 15 o/oo) we found: 
16 Bq 90Sr m"3 per PBq 90Sr discharged per year 
from Sellafield 
13 Bq 134Cs m"3 (PBq 134Cs a - 1)" 1 
7 Bq 137Cs m"3 (PBq 137Cs a" 1)" 1 
and for bottom water (mean salinity 33-34 o/oo): 
58 Bq 90Sr m-3 (PBq 90Sr a - 1)" 1 
29 Bq '34Cs m"3 (PBq 134Cs a" 1)" 1 
26 Bq 137Cs m"3 (PBq 137Cs a" 1)" 1 
In these calculations discharges as well as water concentrations 
were all decay corrected to the same year (1983), i.e. we have 
- 57 -
T a b l e 4 . 4 . 3 . R a d i o n u c l i d e i n s**a w . T ? t c o l l p c t p i l m t r i p D a n i s h s t r a i t s , t h p N o r t h a n d t h p B a l t i c S p a s 
P o s i t i o n 
N E e l . W 
Bat s e b a c k 5 5 ° 4 " i " 2 9 T 2 ' J ^ i * 7 7 
S ^ ° 4 6 ' 0 t U ' J < i 2 ' 6 H K 
•W° l V IS 1 2 ° 0 3 ' 6 0 E 
D a t e 
9 5 
-
14 4 
-
D e p t h 
i n n 
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Id 
2 
1 1 
y a l i m ' 
o oo 
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E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
5 E 
(1 E 
2 E 
F 
E 
E 
F 
E 
E 
" 
10 ' 8 
" 
11 ' 2 
21 - 2 
15 ' 2 
1 S - 2 
1 3 / 2 
14 ' 2 
1 1 ' 2 
14 ' 2 
1 4 . ' 2 
1 1 ' 2 
22 ' 2 
12 2 
12 ' 2 
25 ' 2 
22 ' 2 
1 1 / 2 
1 1 - 2 
1 0 / 2 
22 2 
10 ' 2 
1 0 / 5 
') " 3 
1 5 / 5 
IS " 5 
2 7 " 3 
-
2« / 5 
" 
29 5 
2 4 
0 
18 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
n 
0 
0 
0 
. 
a 
0 
0 
0 
o 
0 
3 3 . 7 
2 0 . 5 
2 8 . 3 
3 4 . 9 
3 5 . 0 
3 4 . 5 
3 5 . 5 
3 5 . 1 
3 5 . 4 
3 5 . 3 
3 5 . 7 
3 5 . 5 
3 4 . 5 
3 5 . 0 
3 5 . 3 
< 4 . 2 
3 3 . 8 
3 5 . 1 
3 5 . 4 
3 4 . 8 
3 5 . 0 
3 3 . 9 
3 4 . 9 
3 1 . 2 
2 3 . 6 
2 9 , 7 
3 2 . 6 
2 9 . * 
3 0 . 5 
2 9 . 6 
2 9 . 5 
3 0 . 6 
3 1 
t o . 
6 . 
3 . 
2 . 
7 . 
3 1 
1 8 , 
t 1 . 
1 5 , 
2 4 
2 5 
2 7 
. 6 
. 9 
, 7 
. 8 
, 2 
. 8 
, 1 
. 3 
6 5 
4 4 
5 5 
1 7 t 
1 5 7 
1 8 9 
4 8 
34 
3 . 8 
2 8 
8 . 3 
3 . 5 
6 9 
135 
2 8 
8 5 
9 8 
11 ! 
39 
4 7 
1116 
34 
6 4 
7 1 
4 6 
6 3 
8 7 
20 
1 8 . 1 
24 
2 1 
M 
•> .3 'k 
B . 0 . L . 
B . D . L . 
5 . 6 
5 . 1 
6 . 7 
2 . 1 
B . D . L . 
B . D . L . 
B . D . L . 
B . D . L . 
B . D . L . 
2 . 2 i 
4 . 1 
B . D . L . 
2 . 4 
4 . 1 
4 . 1 
B . D . t . . 
B . D . L . 
) . 6 
2 . 9 
2 . 3 
2 . 4 iV 
B . P . ! , . 
2 . 8 
i . 1 
2 . 9 
2 . 0 
2 . 4 A 
2 . 7 
2 . 4 
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Tabl« 4 . 4 . 3 . (continued) 
Position Data Dtpth Sa l in i t y 
II t « 1 . H in • o/oo 
Dana Togt 9 
• 
• • 
m • 
• • 
-
• • 
* • 
Dana aansthola 
• Mndt l 2 
' Arandal 1 
• Arendal 3 
• Skager. 
Hal l L i a r ) . 
C)«l 
Aatoft * 
S i l le rs lev L ia . 
Thyboran 
rlanathola 
Hirtshals 
Skagen 
Laaa east 
* »tat 
Anholt 
Hessel« 
GAUSS * 
- -
GAUSS 22 
• • 
24 
• 27 A 
30 
• 13 4 
" -
Polarstern 2*3 
• 4 
5>°10'40 
S7°0» ,»4 
si°iom 
57°0» ,87 
n°m'ia 
STOlO'tO 
57°0» ,»4 
STOOi'SO 
STOTOMO 
S7°4» ,» 
5 f ° 2 l ' 4 
54°00'S 
5 7 ° 4 i , l 
54°5» ,si 
57°03'74 
57°00'32 
54°40 ,03 
S4°42 ,7I 
57<>07'2» 
57°3S,tO 
S7°43'«5 
57°1»' 
si°yf 
54°43' 
54o11'70 
55°00'04 
• 
54°44 ,2 
• 
55°4»'»« 
54°30'03 
57°30'02 
S « 0 ^ ' 
55°10'04 
S7°54' 
*0°33' 
7°34'42E 
*° I7-2»E 
S°27'41E 
4°24 ,34E 
J°2« ,07E 
2°30'20E 
l°24'33E 
0°29' I«E 
«°24 ,4 E 
7°57 ' t É 
a°54-» E 
»
034'4 E 
10°52'5 E 
10°1I"20E 
•°42'05E 
0°54"70E 
0°44'0SE 
I " ! ) ' ! « 
« ° 3 f 2 0 E 
• °57 ' I3E 
I0035'S2E 
llOo«' E 
I0°5»' E 
l l 0 3 l ' E 
lt<>42 , i5E 
I0°04'1IE 
• 
I2°45'4 E 
• 
10°4I'2«E 
M°2* , »7E 
1I°2» ,»»E 
I2°22' E 
1«°00'04E 
4°07- E 
4°00' C 
»/« 
7 / 4 
7 / 4 
7 / 1 
7 / 4 
4 / 4 
• / 4 
1 /4 
10/S 
» / 5 
IS/S 
1S/S 
14/S 
2 / » 
2 / 1 
3 / i 
3/B 
3 / i 
4 / 1 
4 / i 
4 / t 
10/B 
10/0 
to/i 
t t /B 
24/S 
-
27/S 
• 
24/S 
2»/S 
• 
30/S 
l / f 
30/4 
30/4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
34 
0 
17 
0 
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Pig. 4.4.4. Cesium-137 in the North Sea in 1983. 
(Units Bq m"3) (cf. Table 4.4.3). 
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Fig. 4.4.5. Cesiu»-137 in inner Danish waters of 3 different 
salinities (1972-1983). The values were calculated from the 
regression equations in 4.4. 
assumed no radioactive decay of the radionuclides during their 
transfer from Sellafield to the Danish Straits. Hence the two 
radiocesium isotopes should show the same transfer factor. This 
is the case only for bottom water. The discrepancy found for 
surface water, however, is hardly significant considering the 
many uncertainties in such calculations as these. The lower 
transfer factors for radiocesium than for 90Sr are due to sedi-
mentation of 137Cs and 134Cs. 
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In 1983 a number of samples were obtained froa the Jutland 
Current. The samples, in particular those along the south-
western part of Jutland (cf. fig. 4.4.4), contained relatively 
low 137Cs concentrations. The 13*Cs/137Cs ratios (~ 0-1) were, 
however, higher than those seen in saaples contaainated froa 
Sellafield only. He assuae that the saaples were contaainated 
by effluents froa Cap de La Hague in Prance. In these saaples 
the 90Sr/137Cs ratios were also higher than is usually observed 
in the North Sea. 
150 
100 -
V) 
O 
cr 
CD 
50 
Pig. 4.4.6. Cesium-137 concentrations in "North Sea water" 
(35 o/oo salinity) in the Danish Straits related to discharges 
from Sellafield 4 years earlier. 
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Table 4.4.5. Tritium in sea water 
collected in Roskilde Fjord, I 
(cf. Pig. 4.6.1), 1983 
Honth kBq 3H m - 3 
January 4.0*0.7 
February 5.1*0.4 
March 5.5*1.1 
April 4.0*0.0 
May 6.4*1.3 
June 4.7*0.7 
July 4.5*0.6 
August 4.4*0.4 
September 4.9*0.6 
October 2.9*1.1 
November 9.4*0.2 
December 7.3*0.7 
The error term is 1 S.E. of the 
mean of double determinations. 
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4.5. Strontium-90 in soil 
No samples in 1983. 
4.6. Sediments 
We collected sediments from Roskilde Fjord (Table 4.6.1), Lim-
fjorden (Table 4.6.2) and the Danish Straits (Table 4.6.3). The 
latter samples were collected from F/S Gauss during the joint 
German-Scandinavian Baltic Cruise in Nay-June 1983. The results 
show that the sedimentation of '^7Cs in the Danish Straits 
varies by a factor of nearly 50. The geometric mean was 810 Bq 
137Cs m~2. The total area of the Danish Straits is 43,900 km2, 
i.e. 36 TBq ^ ^ s are in the sediments; this is nearly the same 
as in the water. 
52'E 56'E 12°E 56'E 12°E A'E 
l i M . h l i i 
- 55°58'N 
-- 55°56'N 
- 55°54'N -
• 55°52'N 
- 55C50'N 
55C68'N 
0 5000 m 
Pig. 4 . 6 . 1 . Roskilde fjord. 
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Table 4.6.1. Cesium-137 in sediment samples collected in 
Roskilde fjord, 1982. (HAPS) (Area 0.0145 m2) 
Location Depth Date Bq kg ' dry Bq m~2 
in cm 
At Bolund 0-7 6/6 
55°40'N 12°05'E 25/7 
7 . 3 
1 6 . 6 
520 
2400 
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Table 4 . 4 . 1 . C « i j « - t J 7 in s e d i æ n t s co l l ec ted m inner Danish waters in 
»ay ' »> ) by (MUSS. <H«rSi (Area: O.OMS a 2 ) 
Date Depth aq k * - ' dry *M 
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Fig. 4.6.2. Cesium-137 in sediments (cf. Table 4.6.3) collected 
in the Danish Straits in 1983. Unit: Bq m~2. 
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5. DANISH FOOD AND VARIOUS VEGETATION 
by A. Aarkrog and S. Boelskifte 
5.1. Strontium-90 and Cesium-137 in dried milk from the 
entire country 
As in previous years, monthly samples of dried milk were col-
lected from seven locations in Denmark (cf. fig. 5.1.1). Table 
5.1.1 shows the results of the 90Sr determinations and Table 
5.1.2 the analysis of variance of the results. As in recent 
years, the local variation was significant for Bq 90Sr (kg 
Ca)"1. Milk from eastern Denmark showed as usual lower levels 
than the milk from Jutland. The Bq 90Sr (kg Ca)"1 mean level 
in 1983 was 80 Bq 90Sr (kg Ca)"1, i.e. 80% of the 1979-1982 
means. 
Table 5.1.3 shows the results of the 137Cs determinations and 
Table 5.1.4 the analysis of variance of the results. The 137Cs 
mean level in 1983 was 46 Bq 137Cs (kg K ) _ 1 , or 73% of the 1982 
level. 
Table 5.1.1. Strontium-90 in dried milk in 1983. (Unit: Bq (kg Ca)"1) 
Month Hjørring Randers Videhæk Åbenrå Nyborg Ringsted Nakskov Mean 
Jan 
March 
May 
July 
Sept 
Nov 
106 
123 
103 
116 
86 
62 
96 
110 
98 
95 
(74) 
80 
135 
118 
107 
96 
76 
73 
103 
107 
94 
96 
72 
70 
85 
48 
50 
53 
36 
64 
64 
66 
66 
66 
50 
47 
64 
70 
60 
56 
56 
58 
93 
92 
83 
83 
64 
65 
Mean 99 92 101 90 56 60 61 80 
As 1 cubic meter of milk contains 1.2 kg Ca, the mean "°Sr content in Danish milk 
produced in 1983 was 96 Bq m"J. 
Figures in brackets were calculated from VAR3'*). 
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Table 5.1.2. Analysis of variance of In Bq 9 0Sr (kg Ca) - 1 in 
Danish dried milk in 1983 (from Table 5.1.1) 
Variation SSD 
Between months 
Between locations 
Remainder 
0.827 5 0.165 7.982 > 99.95% 
2.485 6 0.414 19.989 > 99.95% 
'j.601 29 0.0.: 1 
10°E 12°E 
56°N 
10° E 12°E 15°E 
Fig. 5.1.1. Dried milk factories in Denmark. 
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Table 5.1.3. Cesium-137 in Danish dried milk in 1983. 
(Unit: Bq (kg 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Mean 
Mean 
pCi (g K)"1 
K)-1) 
Jutland 
61 
54 
60 
54 
58 
59 
77 
107 
80 
68 
54 
69 
67 
1. 80 
The Islands 
46 
22 
23 
15.8 
23 
26 
18.4 
24 
30 
18.1 A 
28 
21 
25 
0.66 
Mean 
54 
38 
41 
35 
41 
42 
48 
65 
55 
43 
41 
45 
46 
1.23 
As 1 cubic meter of milk contains approx. 1.66 kg K, 
the mean 137Cs content in Danish milk produced in 1983 
was estimated at 76 Bq m"3. 
Table 5.1.4. Analysis of varian*e of In Bq 137Cs (kg K)" 1 in 
Danish dried milk in 1983 (from lable 5.1.3) 
Variation SSD f s2 v2 
Between months 
Between locations 
Remainder 
0.568 
6.127 
0.747 
11 
1 
11 
0.052 
6.127 
0.068 
0.760 
90.174 
-
> 99.95* 
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Fig. 5.1.2. Predicted (curve) and observed 90Sr/Ca levels 
in dried milk from the Islands (May 1962-April 1984). 
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We found no significant variation in 137Cs concentrations be-
tween months in 1982 (Table 5.1.4); this is unusual. 
Figures 5.1.2-5.1.5 show the 90Sr and 137Cs levels in dried 
milk compared with the predicted valuer (cf. Appendix C). The 
observed 90Sr levels in 1983 were 1.02 times the predicted, 
while the observed 13"7cs levels were 1.33 times the predicted 
ones (means of Jutland and the Islands). 
5.2. Fresh milk 
No samples in 1983. 
5.3. Strontium-90 and Cesium-137 in grain from the entire 
country 
As in previous years, grain samples were obtained from the State 
experimental farms (cf. Fig. 4.2). Strontium-90 was determined 
as previously (Risø Report No. 631', and 137Cs was measured on 
ashed samples by y-spectrometry on a Ge(Li) detector. Due to 
the low 137Cs concentrations the samples were combined in two 
sets of samples: one for Jutland and one from the Islands, each 
sample represented five farms. 
Tables 5.3.1 and 5.3.2 show the measurements of 9"Sr in grain 
in 1983. Table 5.3.4 gives the analysis of variance of the Bq 
90Sr (kg Ca)"1 figures and Table 5.3.3 that of the Bq 90Sr kg"1 
grain figures. 
Table 5.3.3 shows that the variation in Bq 90Sr kg"1 between 
species was significant. Oats showed the highest Bq 9"Sr kg-1 
levels. 
As in previous years, the variation with location was highly 
significant; the mean Bq 9uSr kg"1 level for grain from Jutland 
was 1.4 times that in eastern Denmark. The observed Bq 9^Sr kg"1 
levels in grain from 1983 were 1.60*1.02 (1 S.D.) times those 
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Table 5.3.1. Strontiu«-90 in Danish grain in 1983. (Unit: Bq kg"') 
Tylstrup 
Ødum 
Askov 
Borris 
St. Jyndevad 
Funen 
Tystofte 
Ledreborg 
Abed 
Bornholm 
Mean 
Rye 
Winter 
0.40 
0.31 
0.49 
0.53 
0.64 
0.59 
0.48 
0.29 
0.48 
Rye: 0.47 
Barley 
Spring 
I. 17 
0.37 
0.70 
0.65 
0.94 
0.90 
0.31 
0.53 
0.173 
0.27 
Barley: 
Winter 
0.52 
0.82 
0.74 
0-87 
0.89 
0.77 
0.72 
0.67 
0.42 
0.63 
0.65 
Wheat 
Winter 
0.64 
0.98 
0.51 
0.64 
0.76 
0.59 
0.46 
0.41 
Wheat: 
Spring 
0.168 
0.24 
0.26 
0.51 
Oats 
Spring 
1.56 
0.43 
1.30 
1.23 
1.10 
0.95 
0.35 
0.58 
0.38 
Oats: 0.83 
Table 5.3.2. Strontium-90 in Danish grain in 1983. (Unit: Bq (kg Ca)"1) 
Rye 
Winter 
Barley 
Spring Winter 
Wheat 
Winter Spring 
Oats 
Spring 
Tylstrup 
Ødum 
Askov 
Borris 
St. Jyndevad 
Funen 
Tystofte 
Ledreborg 
Abed 
Bornholm 
1610 
1120 
1380 
1530 
2100 
1650 
1020 
960 
1340 
2700 
780 
1440 
1440 
1970 
2200 
710 
980 
420 
570 
1250 
1650 
1240 
1920 
1650 
1350 
1560 
1020 
760 
1380 
1850 
2600 
1600 
3100 
2500 
1910 
1640 
1560 
450 
750 
720 
3300 
520 
1360 
1520 
1130 
1160 
370 
540 
400 
Mean Rye: 1410 Barley: 1350 Wheat: 1700 Oats: 1140 
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Table 5.3.3. Analysis of variance of in Bq ,0Sr kg-1 in grain 
in 1983 (fro« Table 
Variation 
Between species 
Between locations 
Spec. * loc. 
Remainder 
5.3.1) 
SSO 
2.312 
5.064 
1.922 
3.618 
f 
3 
9 
24 
12 
s2 
0.771 
0.563 
0.080 
0.301 
v2 
9.623 
7.024 
0.266 
P 
> 99.95% 
> 99.95% 
Table 5.3.4. Analysis of variance of In Bq 90Sr (kg Ca) 1 in 
grain in 1983 (from Table 5.3.2) 
Variation SSD t s2 v2 
Between species 
Between locations 
Spec, x loc. 
Remainder 
1.006 
6.842 
2.382 
3.477 
3 
9 
24 
12 
0.335 
0.760 
0.099 
0.290 
3.380 
7.659 
0.343 
> 95% 
> 99.95% 
predicted (c f . Appendix C). If we look at Denmark as a whole 
the r a t i o between observed and predicted Bq 90g r kg~1 i n grain 
became 1 .10±0.16 . 
Tables 5 . 3 . 5 and 5 . 3 . 6 show the measurements of ^ 7 C s in grain 
in 1983. The 1 3 7 Cs mean l e v e l in grain from 1983 was 0 .9 t imes 
the l e v e l in 1982. The f a l l o u t in May-August 1983 was 0 .6 t imes 
that of the f a l l o u t in May-August 1982. 
Table 5 . 3 . 5 . Cesium-137 in Danish grain in 1983. (Unit: Bq k g - 1 ) 
Rye Barley s Barley w Wheat Oats 
Jutland 0.156 0.060 0.101 0.33 
The Islands 0.077 0.026 B 0.044 0.034 A 0.071 
Mean 0.117 Barley 0.043 0.067 0.20 
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Table 5 . 3 . 6 . Cesiu«-137 in Danish grain i n 19S3. (Un i t : Bq (kg K)" 1 ) 
Jutland 
The Islands 
Mean 
Rye 
35 
18.1 
27 
Barley s Barley w 
13.1 
6.1 B 9.3 
Barley: 9.5 
Wheat 
23 
8.7 A 
15.9 
Oats 
72 
15.7 
44 
The ANOVA's (Tables 5 . 3 . 7 and 5 . 3 . 8 ) showed probably s i g n i f i c a n t 
v a r i a t i o n between l o c a t i o n s (Jutland = 2.84 * The I s l a n d s ) . 
The observed pCi 1 3 7 Cs k g - 1 l e v e l s in gra in fro« 1983 were 1.96± 
2.07 (1 S.D.) t imes those predicted ( c f . Appendix C) . The con-
cen tra t ion of 1 3 7 Cs in oa t s from Jutland was considerably higher 
than expected and t h i s was the main reason for the large d e v i -
Table 5 . 3 . 7 . Ana lys i s of v a r i a n c e of In Bq 1 3 7Cs k g - 1 in 
g r a i n in 1983 (from Table 5 .3 .5 ) 
v a r i a t i o n SSD f s 2 v 2 
Between s p e c i e s 1.995 3 0.665 6.628 
Between l o c a t i o n s 1.919 1 1.919 19.132 > 97.5% 
Spec. * l o c . 0.301 3 0.100 0.800 
Remainder 0.125 1 C.I 25 
Table 5 . 3 . 8 . Ana lys i s of va r i ance of In Bq 1 3 ' C s (kg K ) - 1 in 
g r a i n in 1983 (from Table 5 .3 .6 ) 
V a r i a t i o n SSD f s 2 v 2 
Between species 
Between locations 
Spec. * loc. 
Remainder 
1.943 
1.756 
0.303 
0.090 
3 
1 
3 
1 
0.648 
1.756 
0.101 
0.090 
6.418 
17.400 
1.123 
> 95% 
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ation between observed and predicted values. It is evident that 
the root uptake of *37Cs now plays an important role especially 
for the grain grown in Jutland. 
5.4. Strontium-90 and Cesium-137 in bread fro« the entire 
country 
In 1983, samples of white bread (75% extraction) and dark rye 
bread (100% extraction) were collected all over the country (cf. 
fig. 5.4) in June, and '^Sr and 137Cs were determined on pooled 
samples from Jutland and the Islands respectively. Samples from 
Copenhagen were analysed separately. The determinat ions 
were carried out on the ash by Ge(Li)t-spectroscopy. 
Table 5.4.1 shows the results. It is assumed that 1 kg flour 
yields approximately 1.35 kg bread11' and that wheat flour of 
75% extraction contains 20% of the 90Sr and 50% of the 137Cs 
found in wheat grain1', while rye flour is 100% extraction. 
Hence we can compare the 1983 bread levels with the 1982 grain 
levels (rf. Table 5.4.2). The above assumptions for transfer of 
13
'Cs from grain to bread seem justified, however, the transfer 
of ^Sr from wheat to white bread may be underestimated. This 
has in fact been envisaged in Risø-R-437 p. 86^1) where it is 
predicted that the transfer will increase from 20 to 33%. 
The mean ratios between observed and predicted bread values 
were 1.19 for 90Sr and 0.52 for 137Cs (cf. Appendix C). 
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Pig. 5.4. Sample locations for bread and totel diet. 
Table S.4.1. Strontiun-90 and Cesium-137 in Danish bread collected in June 1983 
Rye bread 
Zone 
Bq ,0Sr kg-1 Bq 90Sr Bq ' 37Cs kg"' Bq n7Ci 
(kg Car' (kg K)" 
Jutland 0.4B 172 0.186 70 
The Islands 0.29 IIS 0.087 32 
Mean 0.38 144 0.136 51 
Copenhagen 0.27 146 0.122 39 
Population-
weighted mean 0.37 149 0.141 SI 
White bread 
Bq ? 0 S r k g - ' Bq 9 0 S r Bq ' 3 7 C S k g " ' Bq 1 3 7 C s 
(kg C a ) - ' (kg K ) " ' 
| 
0 . 1 3 5 65 0 .027 22
 0 
0.185 103 0.032 26 — | 
0.160 84 0.029 24 
0.136 67 0.046 A 2B A 
0.150 76 0.03< 25 
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Table 5.4.2. A comparison between 9<*Sr and l37Cs levels in bread ar i 
grain 1983 
Nuclide Species Bread activity 
in June 1983 
calculated as 
grain in Bq kg 
(cf. text) 
Activity in 
grain from 
harvest 19821' 
Bq kg"1 
"BreadVgrain 
ratio 
*°Sr 
Wheat 
Rye 
1.08 
0.51 
0.52 
0.65 
2.1 
0.8 
137 CS 
Wheat 
Rve 
0.078 
0.22 
0.10 
0.18 
0.8 
1.2 
5.5. Strontium-90 and Cesium-137 in potatoes from the entire 
country 
The samples of potatoes were collected in September from ten of 
the State experimental farms (cf. fig. 4.2) and analysed for ^Sr 
and 137Cs (Y-spectroscopy of bulked samples of the ash). 
Table 5.5.1 shows the ^"Sr and '•''Cs contents in potatoes. The 
mean contents for the country were 0.066 Bq *0gr kg~^, or 1360 
Table 5 .5 . 1. Strontium-90 and Ce;ium-137 in Danish potatoes ir. 1983 
Bq 90Sr kg"1 Bq 90Sr (kg Ca)"1 Bq 137Cs leg"' Bq 137Cs (kg K)"1 
Tylstrup 
Borris 
ødum 
Askov 
St. Jyndevad 
Blangstedgård 
Tystofte 
Ledreborg 
Aced 
Rønne 
0.043 
0.094 
1.032 
0.103 
0.037 
0.072 
0.061 
0.074 
0.048 
0.094 
1660 
2080 
990 
2100 
1520 
'0f J 
951' 
1520 
770 
980 
0.084 18.5 
0.0133 2.7 
Mean 0.066 1360 0.048 10.G 
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Bq 90Sr (kg Ca}"1, and 0.048 Bq 137Cs kg-1 or 10.6 Bq 137Cs (kg 
K ) - 1 . The ^ °Sr levels were equal to those in 1982, and the 137Cs 
concentrations were 76% of the in 1982 values. 
The mean ratio between observed and predicted ^nSr concentra-
tions in potatoes was 0.68 and for 1 37cs we found 1.09 (cf. 
Appendix C). 
5.6. Strontium-90 and Cesium-137 in vegetables and fruits from 
the entire country 
In 1983, as in previous years, vegetables and fruit were col-
lected in the autumn from eight larger provincial towns , one 
in each of the eight zones (cf. fig. 5.4). 
Table 5.6.1. Strontium-90 in vegetables and fruits collected in 1983 
White cabbage 
Carrots 
Beans 
Peas 
Strawberry 
Apples 
Bq kg" 
0.57 
0.49 
0.66 
-
-
0.052 
Jutland 
' Bq (kg Ca)"' 
1320 
1780 
1230 
-
-
1060 
The 
Bq kg"1 
0.19 
0.36 
0.36 
0.053 
0.10 
0.028 
Is! 
Bq 
.ands 
(kg Ca)~' 
430 
1140 
670 
800 
570 
830 
Bq kg"' 
0.38 
0.43 
0.51 
(0.053) 
(0.10) 
0.04 
Mean 
Bq (kg Ca)"' 
875 
1460 
950 
(800) 
(570) 
945 
The ^-measurements were performed on bulked ash samples rep-
resenting the entire country (cf. Table 5.6.2). 
Table 5.6.3 shows z calculation of the mean contents of 9(^ Sr and 
137Cs in Danish vegetables collected in 1983. The 90Sr levels 
sre equal to the 1982 concentrations. 
The 137Cs concentrations in 1983 were approximately two times 
those in 1982, but this was due to a surprisingly high 137Cs in 
cabbage from Jutland. 
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Table 5.6.2. Cesium-137 in vegetables and fruits collected in 1983 
White cabbage 
Carrots 
Beans 
Peas 
Strawberry 
Apples 
Jutland 
Bq kg"1 
0.27* 
0.065 
0.044 
-
-
0.060 
Bq (kg K)" 1 
120 
36 
21 
-
-
48 
The 
Bq kg*1 
<0.01 
0.020 
0.011 
0.19 
0.006 
0.015 
Is] 
Bq 
ands 
(kg K ) _ 1 
-
9.6 
4.1 
21 
3.8 
15 
Bq kg"' 
0.14 
0.042 
0.028 
(0.19) 
(0.006) 
0.037 
Mean 
Bq (kg K ) - 1 
60 
23 
12.8 
(21) 
( 3.8) 
32 
*Thc concent rations ir. fe'.iite cabbage from the four sampl inn zones in Jutland wpre as 
follows: I: 0.90, II: 0.13, III: 0.083, IV: 0.15 Bq ,37Cs kq~'. In other words the 
unexpected high mean value was due to the sample obtained from Zone I: North Jutland. 
Table 5.6.3. Calculated 90Sr and ' 37Cs mean levels in vegetables in 1983 
Daily intake in g Bq 90Sr kg-' Bq 90Sr (kg Ca)" 1 Bq ,37Cs kg"1 Bq ,37Cs (kg K)~ 
50 leaf vegetables 
(cabbage) 0.38 875 0-14 60 
30 root vegetables 
(carrot) 0.43 1460 0.042 23 
40 peas and beans 0.28 875 0.11 17 
120 g 0.36 1020 0.11 36 
The 1982 levels in Danish fruit were calculated from apples 
(80%) and strawberries (20%). The meai levels in Danish fruit 
were thus 0.052 Bq 90Sr kg"1 and 0.031 Bq 137Cs kg"1. The ob-
served Bq 9O3- jcg-1 levels in vegetables and fruit in 1983 were 
1.59*0.87 (1 S.D.) times those predicted (cf. Appendix C). In 
the oase of 137Cs, the obstrvod values were 2.75*1.41 times the 
predicted ones. 
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5.7. Strontium-90 and Cesium-137 in total diet from the entire 
country 
In 1983 total-food samples representing an average Danish diet 
according to E. Hoff-Jørgensen (cf. Appendix B in Risø Report 
No. 63^)) were collected from eight towns each representing one 
of the eight zones (cf. Fig. 5.2.1) and from Copenhagen. The 
sampling took place as previously in June and December. 
Tables 5.7.1 and 5.7.2 show the results. The 90Sr diet levels 
from Jutland were 7% lower than those from the Islands, and 
the '^'Cs levels were 38% higher. This is an unusual picture 
as the ^Sr levels from Jutland used to be higher than those 
from the Islands. 
Figure 5.7.1 show the zone mean Bq '^Sr (kg Ca)-1 levels (not 
'population-weighted) in total diet compared with the predicted 
values (cf. Appendix C) r the observed value was 0.84 times that 
predicted. 
Table 5.7.1. Sttontlum-90 and Cesium-137 in Danish f.otal diet collected in June 19SJ 
lone 
I : 
I I : 
I I I : 
IV: 
V: 
V I : 
V I I : 
V I I I : 
N. Jut land 
t. Jut land 
H. Jut land 
S. Jut land 
Punen 
Zealand 
Lo l land-Pa ls te r 
Bornholm 
Bq ">Sr (ko C a ) ~ ' 
H8<4 
123«2 
15015 
147(3 
135H 
107*5 
9814 
14U0 
Bq » 0 S r d - 1 
0.21 10.01 
0.20 10.0C 
0.22 10.01 
0.24 10.00 
0.21 10.00 
0.17810.007 
0 .149:0 .006 
0.22 10.00 
q Ca d " 1 Bq , 3 ' c » 
1.81*0.01 
1.6210.01 
1 .«6 i0 .00 
1.6510.00 
1.5810.02 
1.6610.00 
1.5210.00 
1.5410.00 
73 
64 
(,-, 
57 
45 
51 
40 
44 
(kg * ->- ' Bq , 3 7 C e d " ' 
0 .29 
0.35 
0.27 
0.22 
. 176 
0.196 
0.154 
0.173 
Hean 
Copenhagen 
Popula t ion-
veighted mean 
127 
139M2 
130 
0.20 
0.23 
0.21 
• 0.02 
1.60 
1.6310.00 
1.63 
55 
57 
5B 
0.22 
0 .21 
0.23 
Relative error due 
to analysis 61 6t 
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Table 5.7.2. Si?ontiua-90 and Cesiua-1)7 in Danish total d i « collected in Oeceafcer !»•} 
Bq '°Sr (kq Ca)' 90 s q Ca d""' Bq , , 7C» (kq «)" 
l : 
t i : 
I I I : 
I V : 
V : 
V I : 
V I I : 
V I I I : 
Heen 
N. Jut land 
e . Jut land 
H. Jut land 
S. Jut land 
Punen 
Zealand 
Lol land-Palstcr 
Bornbola 
Copenhagen 
Populat ion-
ve ighted actn 
tO$fT 
l ) l » 
109*4 
U « t S 
U 9 ! J 
• 5 1 * 
111 t * 
13287 
120 
n A t i n 
11« 
0 .174*0 .011 
0.19710.010 
0 . 1 0 2 : 0 . 0 0 * 
0 .191t0 .000 
0.32 tO.OOC 
0 . 1 * 3 t 0 . 0 1 0 
0 .1«2t0 .009 
0.20 to.009 
0.109 
0.18810.016 
0.107 
t . t t tO .OO 11 
1.50:0.03 «3 
l . tCO.OO «7 
1.43:0.00 50 
1.5510.00 44 
1.7010.02 72 
1.84:0.00 4 ) 
1 .5MO.01 49 
1.5« 59 
1.5*10.00 7« 
0.32 
0.25 
0 . 2 * 
0.22 
0.182 
0.28 
0.157 
0.199 
0 . 2 ] 
0.28 
0.2« 
Relativt error due 
to analyel* 81 
The 9uSr 1983 levels (ri'ean of Ji je and December values) in the 
total diet were 85% of the 1982 levels, while the 137Cs levels 
were 58% or y. 
Prom the total-diet sampling it is possible to estimate the 
mean levels of 90Sr and 137Cs in the Danish diet in 1983. For 
the period January-March 1983, the 90Sr level ii the total diet 
is assumed to ha^e been equal to that measured in December 1982, 
Risø Report No. 4471). For the period April-September we assume 
the level to have corresponded to that measured in June 1963. 
The December 1983 figures are taken to represent the last three 
months of the year. Hence the mean content in the total diet in 
1983 was 128 Bq 90Sr (kg Ca)"1, or 0.20 Bq 90Sr (day)"1. 
Similarly, the 137Cs content in the Danish diet in 1983 was es-
timated to be 0.25 Bq 137Cs (day)"1 or 64 Bq 137Cs (kg K)" 1. 
The observed 137Cs fallout level in total diet was 1.43 times 
that predicted (cf. Appendix C.2) (corrected for 137Cs from 
Sellafield cf. 5.8.2). 
r r I T ' i "i • i - T" V i i i r r V T r i I T T I I I I I I T T T r " i 
2x10 : 
T T 1 1 1 -I 10 
o 
o 
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-I Cl 
1 L L—J L_-1__J 1-—U. i_J 1_J..--1_1--J. -I -J ..-J—i.—1-.J. J.-.1—I i—1 1 I Q 
O Q. 
85 90 
CO 
Fig. 5.7.1. Predicted and observed 90Sr levels in the Danish total 
diet. The dotted curve represents the predicted values for "Diet C" 
(cf. Tables 5.7.1 and 5.7.2) and the circles are the corresponding 
observed values. The unbroken curve represents the predicted values 
for "Diet P" (cf. Table 5.9.3), and the triangles the corresponding 
observed values. 
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5.8. Strontium-90 and Cesium-137 in miscellaneous foodstuffs 
5.8.1. Strontium-90 end Cesium-137 in meat 
Pork and beef samples were collected in Copenhagen in three 
large shops in September. Table 5.8.1 shows the results. As 
compared with 1982, the mean levels were a little lower in 1983. 
The mean ratio between observed and predicted (cf. Appendix C.2) 
137Cs levels in meat was 2.63 and for "nSr
 t n e m e a n ratio was 
0.94. 
Tabl« 5.8.1. Strontiua-90 and Cesiua-137 in Danish Mat collected in Copenhagen in 1981 
Month 
Sapt 
Bq "°Sr 
kg"' 
0.022 
Bq »°St 
(kg Ca>" 
83 
Potk 
, Bq « - - . 
1
 kg-' 
0.20 
Bq , 3 7C« (kg « ) - ' 
53 
Bq '°Sr 
kg*' 
0.O36 
Bq >°Sr, (kg Ca)-' 
310 
Beef 
Bq 13*C» 
kg"' 
0.43 
Bq >"C. 
(kg u r ' 
10S 
5.8.2. Strontium-90, Cesium-137 and Cesium-134 in fish 
Pish samples were collected in the North Sea and in inner Danish 
waters. Tables 5.8.2.1 and 5.8.2.2 show the results. The mean 
levels of the two samplings were 0.030±0.008 (1 S.E., N = 6) Eq 
90Sr kg"1 and 4.0+0.7 Bq 137Cs kg"1. The 134Cs/137Cs mean ratio 
was 0.02U0.005. 
If we include the data from Roskilde Fjord (Table 5.8.2.3) 
and Baltic Sea (Table 5.8.2.4) the mean levels become 0.031± 
0.006 Bq 90Sr kg-1 (±1 s.E. , N = 11) and 4.0t0.6 Bq 137Cs kg"1 
(±1 S.E., N = 12). The twelve samples showed a mean content of 
0.072 Bq 13*Cs kg"1. As the mean ratio of 137Cs to 134Cs dis-
charged from Sellafield throughout the years was 45.2 in 1983, 
we may estimate e.g. Sellafield's contribution in Danish fish 
in 1983 as 45.2 < 0.072 = 3.26 Bq 137Cs kg-1 or 82% of the 
total 137Cs content. 
If we had used the data from Tables 5.a.2.1 and 5.8.2.2 only, 
as earlier, we would have found that ff'fl2^ x 100 = 95% of the 
137Cs was from Sellafield. 
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T a b l e 5 . B . 2 . I . S t r o n t i u m - 9 0 , Ces ium-137 and Ces ium-134 i n f i s h from t h e N o r t h Sea 
p u r c h a s e d i n R i n g k ø b i n g i n Sep tember 19B3 
S p e c i e s Bq 9 0 S r l eg - 1 Bq 9 0 S r (kg C a ) " ' Bq 1 3 7 C s k g " 1 Bq , 3 7 C s ( sg K ) " 1 1 3 4 C s / 1 3 7 C s 
Cod 0 . 0 2 2 
P l a i c e 0 . 0 1 5 2 
H e r r i n g 0 . 0 0 9 A 
30 ( 1 6 . 3 ) 
23 ( 1 6 . 6 ) 
29 A( 6 . 0 ) 
5 . 1 
0 . 9 1 
4 . 1 
1450 
360 
1320 
0.028 
0.032 
Bone l e v e l s a r e shown i n b r a c k e t s . 
T a b l e 5 . 8 . 2 . 2 . S t r o n t i u m - 9 0 , C e s i u m - 1 3 7 and Ces ium-134 in f i s h from i n n e r D a n i s h w a t e r s 
p u r c h a s e d i n H u n d e s t e d i n Sep tember 1983 
S p e c i e s Bq 9°Sr k g " 1 Bq 9 0 S r (kg Ca)'^ Bq 1 3 7 C s k g - 1 Bq 1 3 7 C s (|cg
 K ) - l 1 3 4 C s / l 3 7 C s 
Cod 
Flounder 
Herring 
0 . 0 5 2 
0 . 0 5 6 
0 .026 
64 
40 
51 
(47) 
I30) 
( 8 . 4 ) 
4 . 9 
3 . 8 
5 .2 
1190 
840 
980 
0.014 
0.027 
0.024 
Bone levels are shown in brackets. 
Table 5.8.2.3. Strontium-90, Cesium-137 and cesium-134 in fish collected in the 
Cattegat and Roskilde fjord in 1983 
Species Location 134f.«,137r q 9»Sr Bq 90Sr Bq 137Cs Bq 137Cs ,34Cs/ 
kg ' (kg Ca) ' kg"' (kg K)"' 
Herring Roskilde fj. April 0.028 64 (14.3) 4.6 1060 
Garpike Kikhavn 3/5 9.3 2300 0.022 
Bone levels fre shown in brackets. 
As previously, based upon the considerations above, we will 
assume that 90% of the 137Cs in Danish fish in 1983 came from 
Sellafield. 
The dose from Sellafield to the Danish population then becomes 
4.0 x 0.9 x 5 x 106 x 10.9 * 0.05 x (4 x 106)"1 = 2.45 manSv 
(5 x 10^ population s i z e , 10.9: annual pro capi te fish con-
sumption in kg, 0.05 Sievert pr 4 * 106 Bq 1 3 7Cs). 
- 90 -
Table 5.8.2.4. strontium-90, Cesium-137 and Cesium-134 in fish meat caught in the 
Baltic Sea in 1983 
Species Location Bq 90s 
Kg-
Bq 90 
(kg C a ) - 1 
Sr Bq , 3 7 C s Bq , 3 7 C s ' 3 4 C s / , 3 7 C s 
kg" (kg K)-
Flounder Bornholm 17/11 0.047 
Herring* 54°52"N 13°27,E 20/10 0.010 A 
Herring* 55°0O,N 13°58'E 27/10 0.015 ft 
Cod* 55°44'N 20°10'E 24/10 0.057 
78 
24 A 
42 A 
72 
2.4 
1 .82 
3.4 
2.5 
580 
530 
910 
690 
0.027 
• C a u g h t from t h e R/V DANA. 
Table 5.8.2.5 shows radionu«....-- : concentrations in Mytilus 
3dulis from Danish waters. The 137Cs mean content in flesh was 
0.45±0.18 Bq kg-1 fresh weight (±1 3.D., N = 11). This is 1.4 
times the level observed in 1982. Cobalt-60 was also detectable 
in mussels. A sample of Patella flesh collected at Østerby, 
Laesø in April 1983 contained 7.4 Bq 137Cs kg"1 dry weight or 
1.2 Bq kg-1 fresh weight. 
Table 5.8.2.5. Cesium-137 and Cobalt-60 in Mytilus edulis flesh 
collected in inner Danish waters in 1983. (Unit: Bq kg - 1 dry veight) 
Date % dry 
matter 
Depth 
in m 
137 Cs 106«, 6(1, Co 40« 
57°00'N 
57o03'N 
57°00 'N 
56°41-N 
57°07'N 
57°36'N 
57°44'N 
57°18'N 
57°19'N 
57°18'N 
55°58'N 
10o1S'E 
9°42 'E 
8 °57 , E 
8 0 44 'E 
8°36 'E 
9°58 'E 
10°36 'E 
10°56 'E 
1 I ° 0 8 ' E 
10°56 'E 
12°01 'E 
Hals 
G j o l 
Amtof t 
S i l l e r s l e v 
Hanstholm 
H i r t s h a l s 
Skagen 
Lasø H 
Lasø E 
last) W 
Pr eder iksvark 
1/8 
2/8 
3/8 
3/8 
4/8 
15/3 
4/8 
15/4 
15/4 
10/8 
24/3 
13.3 
12.2 
12.1 
IS.6 
17.4 
16.0 
15.8 
16.1 
15.8 
10.8 
10.6 
0.5 
0 .5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
2.7 A 
3.6 A 
2.1) 
1.72 
3.2 
4 .5 
2.4 
4 .2 
3.9 
1.6 A 
5.1 
20 
< 0.7 
0.8 
1.1 A 
< 1.1 
0.66 A 
8.9 
8.8 
7.9 
7.8 
6.6 
17.6 
6.0 
11.0 
10.9 
4.1 
11.7 
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5.8.3. Strontium-90 and Cesium-137 in eggs 
Eggs were collected in Copenhagen in 1983. They contained 0.034 
Bq 90Sr kg-1 (54 Bq 90Sr (kg Ca)_1) and 0.033 Bq 137Cs kg-1 (27 
Bq 137Cs (kg K)~1). The predicted values for eggs (cf. Appendix 
C) were 0.013 Bq 90Sr kg"1 and 0.023 Bq 137Cs kg-1. 
5.8.4 Strontium-90 and cesium-137 in various vegetable foods 
No samples in 1983. 
5.9. Estimate of the mean contents of 90Sr and 137Cs in the 
human diet in Denmark in 1983 
5.9.1. The annual quantities 
The annual quantities are calculated by multiplication of the 
daily quantities by 365 (as stated by E. Hoff-Jørgensen, cf. 
Risø Report No. 63, Table B1)). 
5.9.2. Milk and cream 
The 90sr and 137Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf. Tables 5.1.1 and 5.1.3). 
1 kg ~ 1 1 milk, containing approximately 1.2 g Ca and 1.66 g K. 
Hence the mean contents in milk were 0.096 Bq 90Sr kg-1 and 
0.076 Bq 137Cs kg-1. 
5.9.3. Cheese 
One kg of cheese contains approximately 8.5 g Ca and 1.2 g K. 
The 9^Sr and 137Cs contents in cheese were calculated from these 
figures and from the 90Sr/Ca and 137Cs/K ratios in dried milk 
{cf. Tables 5.1.1 and 5.1.3). One kg of cheese appeared to con-
tain 0.68 Bq 90Sr and 0.055 Bq 137Cs. 
5.9.4. Grain products 
Tables 5.9.1 and 5.9.2 show the estimates of 90Sr and 137Cs, 
respectively, in grain products consumed in 1983. From these 
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Table S.9.i. Estimate of the 90Sr content in grain products consumed per caput 
in 1983 
Type 
Rye flour 
100% extraction 
Wheat flour 
75% extraction 
Grits 
Total 
Fraction 
kg flour 
21.9 
32.9 
5.5 
60.3 
from harvest 
Bq kg"1 
0.65 
0.10 
0.20 
0.31 
. 1982 
Bq 
14.24 
3.29 
1.10 
18.63 
Fraction 
kg flour 
7.3 
10.9 
1.8 
20.0 
from harvest 1983 
Bq kg"1 
0.47 
0.10 
0.29 
0.25 
Bq 
3.43 
1.09 
0.52 
5.04 
Total 
Bq 
17.67 
4.38 
1.62 
23.67 
Table 5.9.2. Estimate of the 137Cs content in grain products consumed per caput 
in 1983 
Type 
Rye flour 
100% extraction 
Wheat flour 
75% extraction 
Grits 
Total 
Fraction 
kg flour 
21.9 
32.9 
5.5 
60.3 
from harvest 
Bq kg"1 
0.18 
0.05 
0.05 
0.10 
1982 
Bq 
3.94 
1.65 
0.28 
5.87 
Fraction 
kg flour 
7.3 
10.9 
1.8 
20.0 
from harvest 1983 
Bq kg"1 
0.117 
0.034 
0.10 
0.07 
Bq 
0.85 
0.37 
0.18 
1.40 
Total 
Bq 
4.80 
2.02 
0.46 
7.28 
tables, the activity levels in grain products were estimated 
at 0.29 Bq 90Sr kg-1 and 0.091 Bq 137Cs kg"1. 
5.9.5. Potatoes 
The figures in Table 5.5.1 were used, i.e. 0.066 Bq 90Sr kg 
and 0.048 Bq 137Cs kg"1. 
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5.9.6. Vegetables 
Table 5.6.3 shows the calculation of 90Sr and 137Cs in Danish 
vegetables consumed in 1983. The mean contents were 0.36 Bq 
90Sr kg-1 and 0.11 Bq 137Cs kg-1. 
5.9.7. Fruit 
The levels in imported fruit in 1983 are assumed to be equal 
to the mean levels found in oranges and bananas collected in 
Copenhagen in 1982, i.e. 0.132 Bq 90Sr kg"1 and 0.024 Bq 137Cs 
kg-1- The mean levels in Danish fruit (cf. 5.6) in 1983 were 
0.052 Bq 90Sr kg"1 and 0.031 Bq 137Cs kg"1. The daily mean con-
sumption of fruit consisted of 100 g of Danish and 40 g of 
foreign origin. Hence the mean contents in fruit were 0.075 Bq 
90Sr kg"1 and 0.029 Bq 137Cs kg"1. 
5.9.8. Meat 
The annual mean values of 9uSr and 137Cs in meat were calculated 
from Table 5.8.1: 0.027 Bq 90Sr kg-1 and 0.28 Bq 137Cs kg-1. (In 
a Danish diet meat comprises 2/3 pork and 1/3 beef). 
5.9.9. Fish 
The 9^Sr and 137Cs contents in fish are estimated from 5.8.2 at 
0.031 Bq 90Sr kg"1 and 4.0 Bq 137Cs kg"1. 
5.9.10. Eggs 
The contents of activity in eggs were estimated from 5.8.3. The 
levels were 0.034 Bq 90Sr kg-1 and 0.033 Bq 137Cs kg"1. 
5.9.11. Coffee and tea 
One third of the total consumption consists of tea and two thirds 
oZ coffep. We use the mean contents from 1982: 0.87 Bq 90Sr kg"1 
and 2.b3 Bq 137Cs kg"1.1) 
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5 .9 .12 . Drinking water 
The 9 0 S r l e v e l (popula t ion-weighted mean) found in d r ink ing 
water c o l l e c t e d in Apri l 1982 ( 4 . 3 . 3 ) was used as the mean 
l eve l for d r ink ing water , i . e . 0.0005 Bq 9 0 S r k g - 1 . The 1 3 7 Cs 
content in d r ink ing water i s assumed t o be n e g l i g i b l e . 
5 . 9 . 1 3 . Discuss ion 
Tables ' . 9 . 3 and 5.9.4 show the e s t i m a t e s of 9 0 S r and 1 3 7 Cs in 
the Danish d i e t in 1983. The f i g u r e s should be compared with 
the l e v e l s c a l c u l a t e d from the t o t a l - d i e t samples (cf . 5 . 7 ) . 
The 9 0 Sr e s t i m a t e s obta ined by the two methods (cf. a l s o f i g . 
5 .7 .1) were 125 Bq (kg C a ) - 1 and 128 Bq (kg Ca)~ 1 , r e s p e c t i v e l y , 
and the 1 3 7 Cs e s t i m a t e s were 0.28 Bq 1 3 7 Cs ( d a y ) - 1 and 0.25 Bq 
1 3 7Cs ( d a y ) - 1 . 
Table 5 . 9 . 3 . Estimate of the mean content of 9 0Sr in the human 
diet in 1983 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fruit 
Meat 
Eggs 
Fish 
Coffee and tea 
Drinkirg water 
Total 
Annual 
quantity 
in kg 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
Bq 90Sr 
per kg 
0.096 
0.68 
0.29 
0.066 
0.36 
0.075 
0.027 
0.034 
0.031 
0.87 
0.0005 
Total 
Bq 90Sr 
15.74 
6.19 
23.67 
4.82 
15.77 
3.83 
1.48 
0.37 
0.34 
4.78 
0.27 
77.26 
Percentage of total 
Bq 90Sr in food 
20.4 
8.0 
30.6 
6.2 
20.4 
5.0 
1.9 
0.5 
0.4 
6.2 
0.4 
The mean Ca intalo was estimated at 0.62 kg y~1 (approx. 0.2-
0.25 kg creta praeparata). Hence the 90Sr/Ca ratio in total 
diet was 125 Bq 90Sr (kg Ca)_1 (3.4 S.U.) in 1983. 
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Table 5.9.4. Estimate of the mean content of 1 37Cs in the human 
diet in 1983 
Type of food 
Milk and cream 
Cheese 
Grain products 
Potatoes 
Vegetables 
Fruit 
Heat 
Eggs 
Fish 
Coffee and tea 
Drinking water 
Total 
Annual 
quantity 
in kg 
164.0 
9.1 
80.3 
73.0 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
548 
Bq 137Cs 
per kg 
0.076 
0.055 
0.091 
0.048 
0.11 
0.029 
0.28 
0.033 
4.0 
2.53 
0 
Votal 
Bq 137Cs 
12.46 
0.50 
7.28 
3.50 
4.82 
1.48 
15.32 
0.36 
43.60(4.36) 
13.92 
0 
103.24 
(64.00) 
Percentage of total 
Bq 137Cs in food 
12.1 
0.5 
7.1 
3.4 
4.7 
1.4 
14.8 
0.3 
42.2 
13.5 
0 
(19.5) 
( 0.8) 
(11.4) 
( 5.5) 
( 7.5) 
( 2.3) 
(23.9) 
( 0-6) 
( 6.8) 
(21.7) 
( 0 ) 
In brackets are shown the values if the contribution of Sellafield 
137Cs in fish is excluded. This contribution is approx. 90% of the 
137Cs content in Danish fish. Sellafield thus contributed with ap-
proximately 38% of the total 137Cs content in Danish diet in 1983. 
As the approximate intake of potassium was 1.365 kg y"' the 137Cs/K 
ratios were 75.6 (46.9) Bq 137Cs (kg K)" 1 or 2.f (1.27) M.U. in 1983. 
The ratio between observed and predicted (cf. Appendix C) diet 
levels was 1.01 for 90Sr and 1.02 for 137Cs (corrected for Sel-
lafield 1 3 7Cs). 
The relative contribution of 90Sr from milk products (~ 28%) 
was similar to those in 1978-1982. The contribution from po-
tatoes, other vegetables, and fruit was ~ 32%, and that from 
cereals was 31%. The relative contribution of 137Cs in the 
total diet changed from 1982 to 1983 as follows: milk products 
(12 to 13%), grain products decreased from 30 to 11%, and meat 
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increased (14 to 15%). Fish contributed 42% to the total 137Cs 
intake in 1983, and is thus together with meat the most import-
ant source of 1 3 7Cs. This is, however, due to the ^ J C s contri-
bution from Sellafield. If this was excluded, milk products 
would contribute with 20%, grain: 11%, meat: 24% and fish: 7%. 
5.10. Grass samples 
5.10.1. Grass collected around Risø 
Table 5.10.1.1 shows the '^Sr content in grass ash from Zealand 
in 1983. The mean 90Sr activity was 37 Bq 90Sr (kg ash)-1, or 
610 Bq 90Sr (kg Ca)" 1, i.e. the 1983 level was 90% of the 1982 
level. Figure 5.10 shows the ^Sr concentration in grass since 
1957. The ratio between observed and predicted (cf. Appendix 
C.I) 90Sr level in grass in 1983 was 1.27. 
Table 5.10,1.1. Strontium-90 in grass from Zealand, 1983 
Bq 90Sr (kg ash)-1 Bq 90Sr (kg Ca) - 1 
640 
520 
730 
560 
Jan-March 
April-June 
July-Sept 
Oct-Dec 
28 
18,6 
46 
32 
Mean 31 610 
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Fig. 5.10. Quarterly 90Sr levels in grass, 1957-1983. 
Table 5.10.1.2. Kalium-40 in grass from Rise, 1983 
Month g *°K kg-1 fresh 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
5 
4 
4 
5 
4 
4 
5 
4 
5 
4 
2 
3.4±0.4 
(snow) 
2.3*0.5 
3.7±0.6 
4.6±0.3 
5.U0.1 
5.6*0.5 
6.H0.6 
4.410.4 
5.910.2 
3.710.5 
3.610.2 
The error term is 1 S.E. of the mean. 
- 98 -
5.11. Sea plants 
5.11.1. Sea plants collected in Roskilde Fjord 
Figure 5.11.1 shows the Bq 90Sr (kg Ca) _ 1 levels in sea plants 
since 1959 and Table 5.11.1 the results for 1983. The mean 
level in Fucus vesiculosus was 295 Bq 90Sr (kg Ca) - 1 (6.2 Bq 
kg-1 dry weight). We got no samples of Zostera marina in 1983. 
The mean ratio between observed and predicted 9nsr ieveis £n 
fucus was 0.64. 
Fucus contained 8.4 Bq *37Cs kg"* dry weight. 
Tabl« 5-11.1- Stroatiua-90 and Ccsiua-137 in Fucus vesiculosa* fro« toakild* Fjord in 191] 
Location 
At Bolund 
- • -
IX 
X 
Date 
M / 1 
21/3 
»!/• 
20/12 
12/12 
12/12 
• dry 
•at tar 
24.3 
t t . 4 
1 * . * 
l t . » 
11.0 
I t . 2 
• q »°5r (k, 
H I 
410 
I t * 
1»0 
Ca)"' I w S r 
5 . « 
S . I 
7 . 2 
* . l 
H"' 
Lant 
• q 137 Cs (ka 
2S0 
230 
340 
20« 
220 
210 
«) - ' •q ' " c . • , - ' 
dry valent 
7 . 4 
* . • 
11.t 
7 . 2 
t . O 
» .S 
1 5 0 0 i—,—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—i—r^ 4 0 
70 75 
YEAR 
Fig. S.11.1. Strontium-90 in sea plants from Roskilde fjord, 
1959-1983. 
99 -
5.11.2. Sea plants collected at Klint (55°58'N, 11°35'E) 
The two Fucus species most often found in Denmark, Fucus ves-
iculosus and Fucus serratus, had been collected to test the 
difference between the two species and to get data of the im-
portant seasonal variation. All samples have been analysed for 
Y-emitting radionuclides and some of them also for 90Sr, 99Tc, 
Pu and Am. In one month five samples of each species were taken. 
For most of the radionuclides there is a significant difference 
between the two species, but for 60Co and 137Cs this difference 
is not constant during the year. The seasonal veriation has to 
be taken into account when using Fucus as a bioindicator, and 
to get a better estimate of this variation the sampling pro-
gramme will continue in the future. 
Table 5 . 1 1 . 2 . Radionuclides in the brown algae Fucus ves icu losus (Fu.ve . ) and Fucus serratus (Fu .se . ) 
collected at Klint (55°58,l» 11°35 
Species 
Fu.ve. 
Fu.se. 
Fu.ve. 
Fu.ve. 
Fu.ve. 
?u.ve. 
Fu.ve. 
Fu.se. 
Fu.se. 
Fu.re. 
Fu.se. 
Fu.se. 
Fu.ve. 
Fu.se. 
Fu.ve. 
Fu.se. 
Fu.ve. 
Fu.s?. 
Fu.ve. 
Fu.se. 
Fu.ve. 
Fu.se 
Fu.ve. 
Date 
14/2 
• 
24/3 
• 
• 
• 
" 
• 
• 
• 
-
m 
25/7 
-
18/8 
m 
16/9 
• 
21/10 
#> 
24/11 
m 
21/12 
1 dry 
matter 
24.9 
24.6 
19.3 
18.0 
19.0 
19.2 
17.4 
19.7 
18.6 
19.2 
20.0 
18.6 
18.3 
22.7 
18.9 
22.1 
20.5 
24.0 
18.6 
24.4 
19.7 
20.6 
21.4 
Salinity 
o/oo 
19.0 
19.0 
20.3 
20.3 
22.4 
22.4 
26.4 
26.4 
24.9 
24.9 
'El 
40„. 
21 
30 
24 
24 
23 
25 
26 
27 
29 
32 
29 
31 
27 
26 
32 
26 
39 
19 
iO 
27 
31 
34 
29 
in 198 3 
*«Mn 
0.4 A 
0.69 
0.4 B 
0.4 A 
0.4 A 
0.64 
0.95 
0.7 A 
0.86 
0.84 
0.5 B 
0.4 B 
0.5 A 
(Unit: 
6 0CO 
1.32 
2.6 
1.32 
1.26 
1.06 
1.45 
1.28 
1.96 
2.1 
2.3 
2.1 
2.1 
2.3 
2.3 
2.8 
3.0 
2.7 
2.6 
3.0 
3.0 
2.8 
3.7 
1.92 
Bq leg" 
»°sr 
5.0 
6.0 
5.0 
5.7 
S.I 
9.0 
10.3 
8.8 
11.1 
9.8 
1
 dry 
99 T c 
50 
151 
180 
137 
187 
81 
87 
93 
86 
79 
weight) 
'«Sb 
1.47 
T.28 
1.22 
1.3 A 
1.45 
1.0 A 
'"cs 
0.4 A 
0.4 A 
137cs 
7.5 
9.5 
8.1 
7.9 
7.6 
8.3 
8.7 
9.7 
9.0 
11.4 
9.9 
9.7 
9.8 
9.9 
8.1 
7.6 
11.0 
6.9 
7.7 
6.6 
7.2 
8.6 
7.7 
239,240 
Pu 
0.29 
0.29 
0.23 
0.32 
0.24 
0.54 
0.62 
0.50 
0.35 
0.61 
241 
Am 
0.057 
0.035 
0.023 
0.042 
0.030 
0.057 
0.046 
0.039 
0.110 
0.073 
•Unit: g K dg" dry weight. 
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5.11.3. Sea plants collected in Danish waters 
Apart from the Klint collection, 83 other samples were taken in 
1983. They consist of 3 samples of Zostera marina, 1 of Lamin-
aria, 3 of Fucus spiralis, 12 of Fucus serratus, and 64 of Fucus 
vesiculosus. The samples have been analysed for Y-emitters, 
especially radiocesium and ""Co. 
The mean ^ 7Cs content in Fucus vesiculosus collected in the 
inner Danish waters was 9.35±1.75 Bq kg"1 dry weight (1 S.D., 
n = 54). 
60Co was measurable in nearly all samples. The data suggest 
that Barsebåck and Ringhals are the important sources in inner 
Danish waters. For 60Co in the Sound and Kattegat a relation 
can be found between the levels found in Fucus vesiculosus and 
the distance X (in km) from Barsebåck: 
Concentration in Fucus (Bq 60Co kg"1 dry)=1200(±400)X~1-4(±0.1) 
This correlation is in good agreement with earlier results 
(Risø-R-469)1), thereby indicating a steady-state situation 
for 6^Co in that area. The samples from the North Sea are 
probably contaminated with 60Co from sources in the UK and 
France. (A further discussion can be found in Boelskifte, 
(1984)10)). 
^
4Mn was measurable in several samples. There was no correla-
tion with the *>nCo concentrations (r = 0.18). This shows that 
54Mn resulted from fall-out rather than from nuclear power 
plants. The mean concentration for ^*Mn in Fucus vesiculosus 
in the Danish Straits was 0.57±0.25(N = 22) Bq 54Mn kg"1 dry 
weight; in the North Sea 54Mn w a g found in only two samples 
(0.36 and 0.32 Bq kg"1 dry). 
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10° 11° 12° 13° H° 15° 16° 
59 
Pig. 5.11.3. Cobalt-60 in Fucus vesiculosus collected in the 
Danish Straits 1983. (Unit: Bq kg'1 dry weight). The error 
term is 1 S.E. of the medn of double determinations. 
ATriple determinations. »Twelve determinations. 
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Table 5.11.3.1. Radionuclides in brown al?«* collected in inner Danish waters in 19*3 (Unit: Bq kq~' dry) 
Spec ies 
Pu .sp . 
La .sp . 
Pu .ve . 
Pu .ve . 
Pu.se . 
F u . v e . 
Pu .ve . 
F u . s e . 
Pu.ve . 
Pu.se . 
Fu .ve . 
Pu.ve . 
P u . V : . 
Pu.ve . 
Pu.sp. 
Pu.sp. 
Zo .aa . 
Pu.ve . 
l o .ma . 
F u . s e . 
Pu.ve . 
F u . v e . 
F u . v e . 
Fu .ve . 
F u . v e . 
Fu .ve . 
F u . s e . 
Fu .ve . 
Pu .ve . 
Fu .ve . 
Zo .aa . 
Fu .ve . 
Fu .ve . 
Fu .ve . 
Fu .ve . 
Pu.ve. 
Fu .ve . 
Fu.se. 
Pu.ve. 
Pu.ve . 
TM>VW* 
Pu.ve . 
Pos i t ion 
H E 
5 7 ° 4 4 ' 1 0 ° 3 f 
57°36 1 09<>5B• 
57°27- 10°33' 
5 7 ° 2 0 ' 10o32' 
5 7 ° 1 9 ' 11O0B' 
57°19" 11°08' 
5 7 ° 1 9 ' I ^ O B ' 
57° 18' l O 0 « 1 
5 7 ° 1 8 ' 10°56' 
5 7 ° 1 8 ' 10°56' 
5701B• \0°tt-
5 7 ° 0 9 ' 10°26* 
5 7 ° 0 7 ' I 2 ° l l ' 
5 7 ° 0 7 ' 12°11 ' 
57°07- 08°36* 
57°04 ' I 0 0 22 • 
57°04 ' 09°42 ' 
5 7 ° 0 0 ' 10°18' 
57 °00 ' 10°18' 
57°00 1 08°57 1 
57°00 ' 08o57" 
56°54 ' 10°16" 
5 * ° 5 4 ' 10°16' 
it°*i' 10°18' 
56 °45 ' 10°16' 
56 °45 ' 10°18' 
5 6 ° 4 3 ' I I ° 3 1 • 
S6°43 ' 11°31 ' 
5 6 ° 4 3 ' 11°31 ' 
5 6 ° 4 3 ' 1 1 ° 3 I ' 
5 6 ° 4 1 ' 08°44* 
5« °36 ' 10o19' 
5 6 ° 3 1 ' 10O27' 
' 6 ° 2 7 ' 10°58' 
56027> WPlB1 
5 6 ° 2 3 ' 10°56' 
5 * ° 2 2 ' 08°07 ' 
5 6 ° 1 2 ' l l 0 « 1 
5 6 ° 1 2 ' 11°43' 
5 6 ° W 10°40' 
5 6 ° 1 2 ' 10°40' 
56°07« 12°19' 
Date 
4 / 8 
4 / 8 
2 /8 
2 /8 
10/8 
10/8 
15/4 
10/8 
10/8 
15/4 
15/4 
2 /8 
1/12 
2 /6 
4 / 8 
2 /8 
2 /8 
1/8 
1/8 
3 /8 
3 /8 
2 /8 
2 /8 
2 /8 
2 /8 
2 /8 
10/8 
10/8 
23 /5 
17/1 
3 /8 
2 /8 
2 /8 
2 /8 
2 /8 
2 /8 
3 /8 
11/8 
11/8 
2 /8 
19/1 
29/7 
% dry n a t t e r 
21 .8 
20.0 
25.1 
22.9 
27.6 
21.2 
21 .4 
24.8 
23.7 
21.6 
20 .1 
19.5 
17.5 
19.1 
26.1 
20.5 
19.1 
29.2 
24.8 
26.9 
28.7 
22.3 
23.5 
21.0 
22.9 
22.6 
22.6 
19.5 
13.2 
22.2 
20.7 
19.8 
23.4 
23.3 
23.3 
23.1 
19.0 
24.6 
21.2 
23.2 
24.0 
24.4 
S a l i n i t y 
o/oo 
25.4 
24.8 
22 .8 
22 .5 
16.3 
4 0 „ , 
" -n 
0.41 B 
0.32 A 
0 .28 A 
0.33 A 
0 .6 B 
0.41 A 
1.06 A 
0.46 A 
0.25 A 
0 .59 B 
5BCo " C o 
1.05 
0 .42 A 
0 .95 
0 .67 A 
1.96 
1.37 
1.20 
2 .1 
1.30 
0 . 8 ) 
0 .74 
1.04 8 . 3 
1.99 
1.37 
0 .50 
0 .43 A 
0.44 A 
0 .51 8 
0 .36 A 
0 .40 B 
1.65 
2 .3 
1.15 A 
1.11 
1.13 
0 .52 A 
0 .69 
0 . « 
0 .80 A 
1.00 
0 .65 A 2 .6 
2 .3 
0.62 
0 .74 
2 .0 
" i n 
3 .1 
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Table 5 . 1 1 . 3 . 1 . (continued) 
S pectus 
ru.ve. 
Fu.ve. 
Fu.ae. 
Pu.se. 
Pu. we. 
Pu.ve. 
Pu. ve. 
Pu.ve. 
Pu. we. 
Pu.ve. 
Pu.ve. 
Fu.ve. 
Fu.ve. 
Pu. ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Fu.»e. 
Fu.ve. 
Fu.ve. 
Pu.ve. 
Fu.ve. 
Pu.ae. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Fu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Fu.ve. 
Fu.ve. 
Pu.ve. 
Fu.ve. 
Fu.*«. 
Fu.ve. 
Fu.ve. 
Fu.ve. 
Fu.ve.•• 
Position 
N E 
56°06• 
56°04' 
56°03' 
56°03* 
56°00' 
56°00' 
56°00* 
56°00" 
56°00' 
55059' 
55°58' 
55°58' 
55°56' 
55°56• 
55°55' 
55°S5* 
55°55' 
55°55' 
55°55' 
5S°53' 
55053' 
55°53' 
55°52' 
55°52' 
55°49' 
55°48" 
55°46' 
55°45' 
55°41' 
55°35' 
55°31' 
55°27' 
55°27' 
55°27' 
55°21' 
55°i8' 
55°05' 
55°05' 
55°05' 
54°40' 
53°33' 
12°28' 
12°33* 
12°36' 
12°36" 
12°36' 
12°35' 
08°08• 
08°08• 
OB^S' 
11°21' 
11°17' 
11°17' 
10°04" 
10°03' 
12°40' 
12°40' 
12°40' 
10°39' 
10°39' 
12°43* 
12°43" 
12°43' 
10°03' 
10°03' 
10°39' 
10°32' 
12°36* 
10°57' 
11°05' 
12°55' 
09°46' 
08°28' 
08°28' 
08o251 
11°07r 
10°51' 
15°09' 
15°09* 
08°34' 
11°44' 
oe°3S' 
Date 
29/7 
29/7 
29/7 
17/2 
29/7 
17/2 
3/8 
j/8 
8/3 
14/2 
25/7 
14/2 
27/7 
6/6 
13/9 
13/9 
13/9 
27/7 
27/7 
13/9 
13/9 
13/9 
27/7 
27/7 
27/7 
27/7 
28/7 
27/7 
27/7 
1/12 
4/8 
3/8 
3/8 
3/8 
4/8 
4/8 
17/11 
25/5 
3/8 
29/12 
28/6 
i dry Batter 
23.6 
20.4 
22.3 
21.6 
23.0 
20.4 
18.1 
17.4 
19.6 
19.8 
24.4 
22.8 
26.0 
19.1 
19 2 
19.1 
24.2 
23.9 
23.5 
18.6 
18.6 
19.9 
26.2 
24.3 
23.0 
25.2 
22.7 
25.1 
23.1 
16.3 
19.8 
24.6 
22.9 
20.7 
22.9 
22.2 
18.6 
20.0 
26.6 
22.1 
10ft 
Salinity 
o/oo 
17.8 
17.5 
16.3 
14.9 
23.8 
23.8 
22.8 
20.7 
20.7 
20.7 
21.0 
20.9 
20.9 
20.9 
20.8 
14.1 
20.8 
29.7 
29.7 
29.1 
22.2 
40». 
21 
32 
24 
30 
25 
27 
32 
29 
32 
32 
24 
25 
27 
24 
32 
31 
30 
29 
29 
32 
32 
31 
28 
26 
28 
24 
22 
33 
28 
26 
29 
32 
40 
28 
25 
36 
28 
23 
29 
3' 
28 
"Hn 
0.59 A 
0.45 8 
0.76 
0.S6 A 
0.44 A 
0.32 A 
0.51 A 
0.50 
0.3 B 
0.«7 A 
0.41 B 
0.43 A 
0.34 B 
0.55 
0.63 A 
0.68 A 
0.4 B 
0.6 B 
0.36 B 
0.91 
0.66 
1.37 
"Co 
0.56 B 
0.46 B 
0.38 B 
«°Co 
3.6 
3.0 
6.1 
4.6 
4.2 
3.8 
0.82 
0.81 
0.66 
1.40 
0.68 
0.73 
6.1 
5.2 
5.1 
0.53 A 
•5.6 
6.5 
6.3 
0.70 A 
0.47 
3.4 
0.67 
2.1 
0.64 
0.61 A 
0.74 
0.55 A 
0.3) A 
0.4« A 
«Zn 
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Table i .11.3.2. Radionuclide* t i brown a l a « collected in inner Danish waters in 1983 (Unit: »q kg" ry ) 
Species 
Pu.sp. 
La.»p. 
Pu.ve. 
Pu. ve. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu.se. 
Pu.ve. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.sp. 
Pu.sp. 
to.ma. 
Pu.ve. 
Xo.aa. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
to.ae. 
Pu.ve. 
Pu.v*. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu.v*. 
Pu.v«. 
Position 
N t 
57°44 
57°36 
57°27 
57°10 
57°19 
57°19 
57°19 
57°18 
57° 18 
57°18 
47° 1« 
57°09 
57°07 
57°07 
57°07 
57°04 
57°04 
57°00 
57°00 
S7°00 
57°00 
5*°S4 
5*°54 
5*°45 
5*°45 
56°45 
56°43 
56°43 
S6°43 
5*°43 
56°41 
56°36 
56°31 
5«° 2 7 
56°27 
56°23 
56°22 
56° 12 
5«° 12 
56°I2 
56° 12 
54° 07 
I0°36 
09°58 
10°33 
10°32 
11°08 
11°0» 
11°00 
10°56 
10°56 
I0°i6 
10°56 
10°26 
12°11 
I2°11 
06°36 
10°22 
09°42 
10°18 
10°18 
08°S7 
08°57 
I0°16 
10°1t 
10°18 
10°18 
10°18 
1l°31 
11°31 
I1°31 
11°31 
0i°44 
10°1» 
10°27 
10°58 
10°S8 
10°S6 
08°07 
11°43 
11°43 
10°40 
10°40 
12°19 
Date 
4/8 
4/8 
2/8 
2/8 
10/8 
10/8 
15/4 
10/8 
10/8 
15/4 
15/4 
2/8 
1/1? 
2/8 
4/8 
2/8 
2/8 
1/8 
1/8 
3/8 
3/8 
2/8 
2/8 
2/8 
2/8 
2/8 
10/8 
10/8 
23/5 
17/1 
3/8 
2/8 
2/8 
2/8 
2/8 
2/8 
3/8 
11/8 
11/8 
2/8 
19/1 
29/7 
% dry Matter 
21.8 
20.0 
25.1 
22.9 
27.* 
21.2 
21.4 
24.8 
23.7 
21.6 
20.1 
19.5 
17.5 
19.1 
26.1 
20.5 
19.1 
29.2 
24.8 
26.9 
28.7 
22.3 
23.5 
21.0 
22.9 
22.6 
22.6 
19.5 
13.2 
22.2 
20.7 
19.8 
23.4 
23.3 
23.3 
22.1 
19.0 
24.6 
21.2 
23.2 
24.0 
24.4 
Salinity •* 
o/oo 
0. 
25.4 
24.8 
22.8 
22.5 
16.3 
Kb '»»Ru 
6.8 
5 A 3 B 
4.7 A 
2.2 B 
4.3 B 
,2SSb U , J ,14CS 
0.65 X 
5.» 
0.61 A 
5.7 
1.9 A 
0 
0 
0 
0 
0 
0 
0 
37 
51 
27 
32 
36 
16 
18 
A 
A 
A 
A 
A 
8 
8 
I37c. 
9.9 
8.1 
9.1 
».3 
8.8 
9.3 
6.7 
11.6 
9.0 
6.5 
8.0 
10.1 
10.3 
12.0 
7.7 
9.6 
1.4 A 
4.6 
7.2 
6.3 
4.9 
12.7 
13.2 
10.1 
14.2 
11.0 
10.4 
7.3 
11.3 
9.3 
2.5 
11.1 
8.5 
10.7 
9.5 
9.1 
6.2 
10.0 
9.8 
5.1 
8.3 
7.4 
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T«bl» 5 .11 .3 .2 . (continued) 
Spectet Port ion D«t« % dry u t t « Salinity »5Mb ,0*«u ' " » U 1 J 1 l4C« , 37C« 
N l o/oo 
Pu.v«. 
Pu.v*. 
r u . • * . 
P U . B * . 
Pu.v«. 
Pu.v«. 
Pu.ve. 
Pu.v*. 
Pu.v». 
Pu.v«. 
Pu.V«. 
Pu.v«. 
Pu.v«. 
Pu.v«. 
Pu.v«. 
Pu.v«. 
Pu.ve. 
Pu.*e. 
Pu. ve. 
Pu.ve. 
Pu. ve. 
Pu.ve. 
Pu.se. 
Pu.ve. 
Pu.ve. 
Pu. ve. 
Pu. ve . 
Pu.ve. 
Pu.ve. 
Pu.ve. 
Pu. ve. 
Pu. ve. 
Pu. ve. 
Pu.ve. 
Pu.ve. 
Pu. ve. 
Pu. »e. 
Pu. ve. 
Pu.ve. 
Pu.ve. 
P u . v « . " 
5«°0« 
5«°04 
5«°03 
56°03 
5«°00 
56°00 
5«°00 
5«°00 
5«°00 
55°59 
ss°se 
55°58 
55° 5« 
55°5« 
55°55 
55°55 
55°55 
55°55 
55°55 
55°53 
55°53 
55°53 
55°52 
55°52 
55°49 
55°48 
55°46 
55°45 
55°41 
55°J5 
55°31 
55°27 
55°27 
55°27 
55°21 
55° 18 
55°05 
55°05 
55°05 
54°40 
53°33 
12°28' 
12°33' 
12°3«' 
12°3t ' 
12°3«' 
120351 
0B°08 • 
08°OB' 
0»<>0f 
11°21' 
11°1T 
11°1T 
10°04' 
10o03' 
12°40' 
12o40' 
12°401 
10°39' 
10°39' 
120431 
12°43' 
12°43' 
t0o03' 
10o03' 
10°39' 
10°321 
12°3«' 
I O ^ -
11°05' 
12055' 
O«^« 1 
0Bo28' 
08°28' 
08°25' 
11°07* 
I 0 ° 5 I ' 
15c09' 
15°09' 
08°34' 
11°44' 
08°35' 
29/7 
29/7 
29/7 
17/2 
29/7 
17/2 
3 / 8 
3 / 8 
8/3 
14/2 
25/7 
14/2 
27/7 
4 / 6 
13/9 
13/9 
13/9 
27/7 
27/7 
13/9 
13/9 
13/9 
27/7 
27/7 
27/7 
27/7 
28/7 
27/7 
27/7 
1/12 
4 / 8 
3 / 8 
3 / 8 
ve 
4 / 8 
4 / 8 
17/11 
2S/b 
3 / 8 
29/12 
28/« 
23.« 
20.4 
23.3 
21.« 
23.0 
20.4 
18.1 
17.4 
19.« 
19.8 
24.4 
22.8 
2C.0 
19.1 
19.2 
19.1 
2 4 . 
23.9 
23.5 
18.« 
18.« 
19.9 
2«.2 
24.3 
23.0 
25.2 
22.7 
25.1 
23.1 
1«.3 
19.8 
24.« 
22.9 
20.7 
i2.'. 
22.2 
18.« 
20.0 
26.« 
22.1 
lost 
17.8 
17.5 
H . 3 
14.9 
23.8 
23.8 
20.7 
20.7 
20.7 
21 .0 
20.9 
20.9 
20.9 
20.8 
14.1 
20.8 
29.7 
29.7 
29.1 
22.2 
1.39 A 
0.42 1 
5.1 A 1.45 A 
1.5 ft 1.1 A 
2.8 A 0.7« 
0.83 A 
3 . 3 
1 .4 
3 . « 
0.9« ft 
0.97 A 
1.0 A 
4.5 ft 
1.28 A 
0.79 A 
8 . 9 
9 . 1 
8 . 5 
2.2 A 7.9 
*.« 
2.1 A 8.1 
7 . 7 
7 . 1 
3 . 1 
8 . 8 
9 . 5 
0.22 A 8.1 
9 . 3 
9 . « 
3.2 A 9.8 
3.4 9.2 
3.0 B 8.7 
13.7 
0.44 A 10.8 
4.2 ft 8.9 
3.7 A 8.3 
4.5 A 9.1 
11.8 
9 . 1 
8 . 9 
0.23 B 8.5 
10 B 8.8 
0.34 A 12.4 
10.1 
1.5 A 8.2 
11.0 
5 . 4 
4 . 8 
0.25 A 10.4 
8 . « 
10.8 
7 . 5 
6 . 4 
4 . 5 
8 . 2 
3 . 5 
fu.v#. fucus ves i cu lous 
Fu.st, PJCUS M r n t u i 
fu,sp, focus spiral i s 
Zo.n«. Zosters tssrins 
Ls.sp* Lsminsrls species 
• Unit i q K *9~1 dry weight. 
**Coll*<?tt*1 st flr#n«fhsven. 
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6. STRONTIUM-90 AND CESIUM-137 IN MAN IN 1983 
by A. Aarkrog 
6.1. Stronium-90 in human bone 
The collection of human vertebrae from the institutes of foren-
sic medicine in Copenhagen and Arhus was continued in 1983. As 
in the total-diet survey (cf. 5.7), the country was divided into 
eight zones. The samples were divided into five age groups: new-
born (< 1 month) (no samples in 1983), infants (1 month-4 years), 
children and teenagers (5-19 years), adults (_< 29 years), and 
adults (> 29 years). 
Tables 6.1.1-6.1.5 show the results for the five groups. The 
90Sr concentrations in human bone collected in 1933 were nearly 
unchanged from those observed in 1979-1982 
The observed mean concentration in adults (^  30 years) was 76% 
of that predicted (cf. Appendix C). 
Table 6.1.1. Strontium-90 in bone from new-born children 
(< 1 month old) in 1983 
No samples. 
Table 6.1.2. Stirontium-90 in bone from infants (£ 4 years) 
in 1983 
Zone Age in Month of Sex Bq (kg Ca)~ 
years and month death 
III 3 m 10 M 42 A 
6 m 10 M 22 
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Table 6.1.3. Strontium-90 in bone from children and 
teenagers [<_ 19 years) in 1983 
Zone Age in Month of Sex Bq (kg Ca) 
years death 
I 6 6 F 20 
II 9 6 M 24 
18 9 M 36 
18 8 M 32 
Table 6.1.4. Strontium-90 in vertebrae from adults 
(£ 29 years) in 1983 
Zone Age in Month of Sex Bq (kg Ca)~ 
years death 
26 
26 
28 
22 
28 
21 
26 
27 
9 
11 
9 
6 
6 
6 
11 
10 
M 
M 
M 
M 
M 
F 
M 
M 
23 
38 
27 
22 
35 
22 
28 
27 
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Table 6.1.5. Strontium-90 in vertebrae from adults 
(> 29 years) in 1983 
Zone Age in Month of Sex Bq (kg Ca) 
years death 
32 
48 
67 
80 
83 
37 
41 
44 
46 
46 
48 
50 
58 
58 
59 
62 
66 
66 
6e 
55 
60 
6« 
50 
31 
43 
43 
45 
55 
57 
65 
73 
76 
10 
9 
6 
11 
12 
11 
9 
11 
10 
11 
11 
8 
12 
6 
9 
6 
9 
11 
11 
n 
9 
10 
11 
11 
10 
6 
6 
10 
6 
11 
F 
M 
M 
H 
F 
F 
F 
H 
F 
M 
M 
F 
F 
M 
M 
M 
M 
M 
P 
F 
M 
M 
M 
M 
P 
P 
M 
F 
P 
M 
M 
P 
30 
19.5 
52 
28 
44 
22 
17.6 
20 
49 
28 
26 
35 
32 
18.1 A 
27 
13.5 
26 
41 
36 
35 
27 
66 
26 
22 
33 
37 
26 
30 
31 
26 
30 
48 
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Fig. 6.1.1. Strontium-90 levels (sample number weighted mean) in 
bone from newborn (< 1 month) 1961-1983. 
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Fig. 6.1.2. Strontium-90 levels (sample number weighted mean) in 
bone from infants (> 1 month £ 4 years) 1962-1983. 
- 111 -
n—i—i—i—i—i—i—i—i—r~r—i—i—i—i—i—i—i—r 
-J L J 1 1 L J I I 1 1 L - i l I L_ - 1 L_ 
65 70 75 80 
YEAR 
85 
Fig. 6.1.3. Strontium-90 levels (sample number weighted mean) in 
bone from children (> 4 years < 19 years) 19C1-1983. 
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Fig. 6.1.4. Strontium-90 levels (sample number weighted mean) in 
bone from adults {> 19 years £ 29 years) 1961-1983. 
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Fig. 6.1.5. Strontium-90 levels (sample number weighted mean) in 
bone from adults (> 29 years) 1961-1983. 
Table 6.1.6. Strontium-90 in human vertebrae collected in 
Denmark in 1983. (Unit: Bq (kg Ca)"1) 
Age group Number of 
samples 
Min. Max. Median Mean 
New-born 
(< 1 month) 
Infants 
{<_ 4 years) 
Children 
(£ 19 years) 
Adults 
(<_ 29 years) 
Adults 
(> 29 years) 
22 
20 
22 
32 13.5 
42 
36 
38 
66 
32 
28 
27 
29 
32 
28 
28 
31 
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Pig. 6.1.6. Strontium-90 in human bone fro« Danish cohorts 
1960-1966. Abscissa: age in years. Ordinate: bone level in 
Bq 90Sr (kg Ca)" 1. 
6.2. Cesium-137 in the human body 
Whole-body measurements were initiated at Risø in July 1963 (cf. 
2.3 in Risø Report No. 851'. A control group from the Health 
Physics Department was selected and has since then been measured 
as far as possible three times a year. 
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However, due t o the decreasing 1 3 7Cs content in the body the 
contribution from interfering radionuclides to the Y-spectra 
has made the determination of 1 3 7Cs unrel iable and since 1978 
we have not published whole-body measurements. Prom the predic-
t ion model2 1' for whole body 1 3 7Cs we have estimated the level 
in 1983 at 84 Bq 137Cs (kg K)_1 (= 2.3 pCi 1 3 7Cs (g K)_1) and 
7x103 
T I ! ! ! i I I I ! I I I É ! I ! I I I ! 1 I I 1 1 1 ! ! I ! I I 
6 x 1 0 3 r-
5x103 -
5 4x103 I-
o 
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2x10 3 I 
1x103 h 
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<— 
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_LJLL_L. l - .L_L J 
55 60 
i i i i i i i i i i i i i i i i i i i i i i i i 
65 70 75 
YEAR 
80 85 
fig. 6.2. h comparison between observed (M S.E.) and calculated 
Bq ,37Cs (kg K)" 1 levels in whole-body from the Islands. 
21] 
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from the diet measurements for the Islands our estimate becomes: 
2.85-56 = 160 Bq 137Cs (kg K)" 1 (= 4.3 pCi 137Cs (g K ) - 1 , where 
2.85 is the observed ratio between 137Cs/K in body aad diet21). 
The difference between the two estimates is mainly due to the 
fact that the latter includes the contribution of radiocesium 
from Sellafield whereas the former estimate is based on fallout 
137Cs only. 
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7. TRITIUM IN THE ENVIRONMENT 
by Heinz Hansen 
7.1. Introduct ion 
Tritium is produced naturally in the atmosphere by the interac-
tion of cosmic-ray protons and neutrons with nitrogen, oxygen 
or argon. Surface waters contain about 0.4 kBq m"3 from this 
source^5). Tritium is also produced and injected into the stra-
tosphere as the result of thermonuclear explosions. At present, 
this latter source has enhanced the natural inventory by about 
a factor of ten"). Finally, tritium is produced as a by-product 
of the peaceful uses of atomic energy: it is released both dur-
ing reactor operation and fuel reprocessing. 
Before Denmark builds any nuclear power stations of her own, it 
is of interest to know the general tritium levels in the en-
vironment that could be affected by this new energy source. 
Also, an assay of the current tritium levels can be used 
already now to control any tritium which may be released from 
the Swedish nuclear power stations at Barsebåck and Ringhals, 
and from the reprocessing plants at Sellafield and La Hague. 
7.2. Assay of tritium in low-level amounts 
The present assays of tritium levels in water are based on a re-
lative enrichment of H20 by electrolysis and subsequent liquid 
scintillation counting as previously described (Risø Reports 
Nos. 386 etc. 1K 
We have recently found that the tritium background in the air 
in our laboratory makes it impossible to produce reliable re-
sults if the concentrations are below 2 kBq m~3 (Personal Com-
munication G. Ostlund, 1984). Hence we have discarded such re-
sults. We have furthermore aoolied a background correction bv 
subtraction of 1.2 kBq 3H m"3 from our measured values. 
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8. MEASUREMENTS OF BACKGROUND RADIATION IN 1983 
by L. Bøtter-Jensen and S.P. Nielsen 
8 . 1 . Ins t rumentat ion 
Measurements of the background r a d i a t i o n were made with thermo-
luminescence dosimeters (TLD's), a mobile Ge(Li) spectrometer 
system^*),
 a h igh-pressure ion iza t ion chamber (Reater-Stokes 
RSS-111), and a Nal(Tl) d e t e c t o r . 
8 .2 . S ta t e experimental farms 
The S t a t e experimental farms are s i t u a t e d as shown in f i g . 4 . 2 . 
The r e s u l t s of the TLD measurements are shown in Table 8 . 2 . 1 . 
The r e s u l t s of the Nal(Tl) de t ec to r measurements are shown in 
Table 8 .2 .2 . 
Table 8 . 2 . 1 . TLD-measurements of the background 
radiat ion ( in tegrated over 12 months and normalized 
to MR h - 1 ) at the S t a t e experimental farms in 
1982/83 
Sep 1982 - Oct 1983 
uR h _ 1 
Tylstrup 
Borris 
Ødum 
Askov 
St. Jyndevad 
Blangstedgård 
Tystofte 
Abed 
7.3 
6.9 
7.9 
6.9 
5.9 
6.7 
8.3 
8.0 
Mean 7 .2 
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Table 8.2.2. Terrestrial exposure rates at the State 
experimental farms measured with the Nal(Tl) detector 
in 1983 (MR h-1) 
Location 
Tylstrup 
Borris 
dum 
».skov 
St. Jyndevad 
Blangstedgaard 
Ledreborg 
Tystofte 
Abed 
Mean 
Jan 
3.1 
3.7 
4.5 
2.9 
2.0 
4.7 
4.4 
5.2 
5.1 
4.0 
Hay 
3.1 
3.9 
4.6 
3.2 
1.9 
4.7 
4.9 
5.1 
4.8 
4.0 
Oct 
3.1 
3.3 
4.7 
3.6 
2.0 
4.7 
4.6 
5.1 
5.2 
4.0 
Mean 
3.1 
3.6 
4.6 
3.2 
2.0 
4.7 
4.6 
5.1 
5.0 
4.0 
Table 8.2.3. Ionization chamber 
measurements of the background 
radiation at the State experimental 
farms in September 1983 (vR h-1) 
Location September 
Tylstrup 7.4 
Borris 7.0 
Ødum 8.5 
Askov 7.3 
St. Jyndevad 5.9 
Blangstedgård 8.3 
Ledreborg 8.2 
Tystofte 8.4 
Abed 8.8 
Tornbygård 9.5 
Mean 7.9 
- 120 -
20 
15 
i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — r 
/^-^w^ S^^r 
^•v^V-
0 — I I 1 I I 1 L. _l I I I I I I—I I I I I I I l_ 
65 70 75 80 85 
YEAR 
Fig. 8 .2 .1 . Te r r e s t r i a l exposure r a t e s at the Sta te experimental 
farms in 1962-1976 and 1978-1983 measured with the Nal(Tl) de-
fector ( uR h " 1 ) . 
Akirkebj/i'ornbygård 
Abed, Blangstedgård, Tystofte 
.i Virumgård/Ledreborg, Ødum, Tylstrup 
Jyndevad, Askov, Studsgård/Borris 
The Y-background measured with the Nal(Tl) de t ec to r in four 
groups of sampling s t a t i o n s i s shown in f i g . 8.2.1 from 1962 to 
1983. The change of l eve l s in 1977 i s due to a modif icat ion of 
the instrument and of the c a l c u l a t i o n a l p r o c e d u r e 3 1 ) . 
The r e s u l t s of the ion iza t ion chamber measurements a re shown in 
Table 8 . 2 . 3 . The r e s u l t s of Ge(Li) spectrometer measurements 
are absent due to a de t ec to r malfunction. 
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8 . 3 . Risø environment 
The f ive zones around Risø are located as shown in f i g . 8 . 3 . 1 . 
The r e s u l t s of the TLD measurements are shown in Table 8 . 3 . 1 , 
and the r e s u l t s of the Nal(Tl) d e t e c t o r measurements are shown 
in Table 8 . 3 . 2 . 
Fig. 8 . 3 . 1 . The environment of Risø. Locations for measurements 
of the background r a d i a t i o n . 
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Table 8.3.1. TLD-raeasurements of the background 
ridiation (7-month integration period and normalized 
to uR h"') in five zones (I-V) around Risø in 19B3 
Risa zone Location Feb-Sep 1983 
uR h"' 
i i e.r 
2 8.7 
3 20.6 
4 8.4 
5 11.1 
Mean 11.4 
II 1 7.6 
2 8.3 
3 7.6 
4 7.9 
Mean 7.9 
III 1 8.8 
2 8.4 
3 8.2 
Mean 8.5 
IV 1 7.3 
2 8.3 
3 8.1 
4 8.6 
5 6.9 
6 7.8 
7 8.9 
Mean 8.0 
V 1 
2 8.7 
3 8.8 
4 7.9 
5 8.3 
6 8.1 
7 8.6 
8 7.1 
9 8.5 
10 7.S 
Mean 8.2 
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Table 8.3.2. Terrestrial exposure rates at the Rise zones 
R i s e zone 
I 
" 
-
-
-
Locat ion 
1 
2 
3 
4 
5 
January 
5 .0 
6 .6 
60 .2 
5.1 
9 .2 
Apri l 
5 .6 
6 .5 
59 .6 
5.1 
9 .0 
J u l y 
7 . 3 
7 .0 
6 5 . 6 
5 .7 
10 .0 
October 
5 .3 
6 .8 
67 .9 
5 .7 
9 .4 
Mean 17.2 17.2 19.1 19.0 
1 
2 
3 
4 
4 .2 
5 .0 
4 .7 
4 .3 
4 . 3 
4 .8 
5 .0 
4 .4 
4 . 5 
5 .2 
4 .9 
4 . 6 
4 . 6 
5 .0 
5 .0 
4 .5 
Mean 4.6 4.6 4.8 4.8 
III 1 5.0 4.9 
2 4.3 4.4 
3 4.1 4.1 
Mean 4.5 4.5 
IV 1 3.8 4.0 
2 4.1 4.0 
3 4.6 4.7 
4 4.3 4.3 
5 2.8 2.7 
6 3.7 3.8 
7 4.2 4.9 
Mean 3.9 4.1 
V 1 4.6 4.6 
2 5.1 5.2 
3 4.3 4.5 
4 4.3 4.3 
5 3.9 3.9 
6 4.5 4.5 
7 4.9 4.7 
8 4.4 4.9 
9 4.5 4.5 
10 3.2 3.3 
Mean 4.4 4.4 
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8.4. Gylling Næs environment 
The Gylling Næs environment (a potential nuclear power plant 
site) is routinely monitorea with TLD's, and the results from 
the site are given in Table 8.4.1. The locations are shown in 
Fig. 8.4.1. 
10°E 20'E 
56°N 
A5'N 
56°N 
£5'N 
10°E 20'E 
Fig. 8.4.t. The environment of Gylling Næs. Locations for meas-
urements of the background radiation. 
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Table 8.4.1. TLD-measurements of the background 
radiation (integrated over 12 months and normalized 
to uR h"1) around the Gyllingncs site in 1982/83 
Location Sep 1982 - Oct 1983 
PR h-1 
1 7.6 
2 7.9 
3 8.0 
Mean 7.8 
8.5. Great Belt and Langeland Belt areas 
Locations on both shores of the Great Belt and the Langeland 
Belt (an international shipping route) are likewise routinely 
monitored with TLD's; the resul ts and locations are shown in 
Table 8.5.1 and Fig. 8 .5 .1 , respectively. 
Table 8 .5 .1 . TLD-measurements of the back-
ground radiation (integrated over 12 months 
and normalized to pR h - 1 ) along the coasts 
of the Great Belt and Langeland Belt in 
1982/83 
Location Sep 1982 - Oct 1983 
uR h_1 
Røsnas 7.4 
Reersø 8.3 
Svendstrup 7.1 
Vesternæs 8.5 
Frederiksdal 8.4 
Kelds Nor 8.8 
Tranekær 8.4 
Hov 
Fyns Hoved 7.8 
Knuds Hoved 8.1 
Mean 8.1 
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LO' E 11CE 20*E 
N 
N 
N 
N 
N 
1 45'N 
30'N 
—- 15'N 
55°N 
45'N 
40'E 11°E 20'E 
Fig. 8.5.1. The coasts of the Great 3<?lt. Locations for measure-
ments of the background radiation. 
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8.6. The B a l t i c i s l a n d , Bornholm 
Locations on the i s land of Bornholm have been monitored with 
TLD's in the period June 1982-May 1983. The r e s u l t s and loca -
t ions are shown in Table 8.6.1 and Fig . 8 . 6 . 1 , r e s p e c t i v e l y . 
Table 8 . 6 . 1 . TLD-measurements of the 
background radiat ion ( in tegrated over 
11 months ina normalized t o uR h } 
on the i s land Bornholm in 1982/83 
Location 
Mean 
June 1982 -May 1983 
uR h _ 1 
9 .3 
9 .2 
8 .6 
17 .1 
11 .1 
55°20'N 
55° 00'N 
10 0 10 
Jo 
/ • 
20 km 
3 ^ 
• 
• 
2 ) 
14°30'E 15°00'E 15°30'E 
Fig. 8.6.1. Locations for measurements on Bornholm. 
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8.7. Discussion 
The reported results are in reasonable agreement with those ob-
tained in 1982. 
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9. CONCLUSION 
9.1. Environiental Monitoring at Risa, Barseback and Ringhals 
No radioactive contamination of the environment originating from 
the operation of the National Laboratory was ascertained outside 
Risø in 1983. 
Benthic brown algae, mussels and fish collected at the Swedish 
nuclear plants at Barseback and Ringhals were analysed for 
radioactive pollution. Transfer factors fkrom releases of various 
radionuclides to Fucus were calculated. The radioactive contami-
nation of the marine environment due to the operation of the 
Swedish nuclear power plants resulted into doses of less than 
1% of the background radiation to any individual eating 20 kg 
mussel and 100 kg fish per year. 
9.2. Nuclear-weapon debris in the abiotic environment 
The mean content of 90Sr in air collected in 1983 was 1.8 uBq 
m~3 (C.05 fCi 90Sr m ~ 3 ) , i.e. approximately 40% of the (cor-
rected) 1982 level. The average fallout at the State experimen-
tal farms in 1983 was 1.6 Bq 90Sr m~2 (0.045 mCi 90Sr km"2) or 
80% of the 1982 figure, and the mean concentration of 90Sr in 
rain water was 2.4 Bg 90Sr m~3 (0.06 pCi 90Sr l" 1). 
By the end of 1983 the accumulated fallout was approximately 
1640 Bq 90Sr m"2 (44 raCi 90Sr km" 2). The corresponding 137Cs 
was estimated at 2620 Bq m~2. 
The median level of 9nSr in Danish ground water was 0.09 Bq nT3 
(2.5 fCi 90Sr 1~*). Stream and lake water showed mean levels of 
14 and 23 Bq 90Sr m~3, respectively. 
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Inner Danish surface waters (salinity - 16 o/oo) contained 26 
Bq 90Sr «"3 (0.7 pCi 90Sr l"1) and 25 Bq 137Cs m"3 (0.7 pCi 
137Cs l - 1 ) . This shows a decreasing contribution of 137Cs from 
Sellafield as compared with that observed in the previous years. 
9.3. Fallout nuclides in the human diet 
The mean level of 90Sr in Danish »ilk was 80 Bq (kg Ca)"1 (2.2 
S.U.), and the mean content of 137Cs was approximately 76 Bq 
•T3 (2.1 pCi 137Cs I" 1). 
The 1983 90Sr and 137Cs levels were 0.8 and 0.7 tiaes respect-
ively the levels found in »ilk produced in 1982. 
The 90Sr mean content in grain fro« the 1983 harvest was 0.63 Bq 
kg-1 (17 pCi 90Sr kg - 1). The 137Cs mean content in grain was 
0.11 Bq kg-1 (2.9 pCi ,37Cs kg" 1). The 90Sr level in grain from 
the 1983 harvest was 1.1 times the level found in the 1982 har-
vest, and 137Cs was 0.9 times the 1982 level. 
The mean contents of 90Sr and 137Cs in Danish vegetables col-
lected in 1983 were 0.36 Bq 90Sr kg'1 (9.7 pCi kg"1) and 0.11 Bq 
137Cs kg"1 (3.0 pCi kg"1), respectively, and in fruit 0.04 Bq 
90Sr kg"1 (1.1 pCi kg"1) and 0.037 Bq 137Cs kg"1 (1.0 pCi kg"1); 
potatoes contained 0.066 Bq 90Sr kg"1 (1.8 pCi kg"1) and 0.048 
Bq 137Cs kg"1 (1.3 pCi kg"1). 
The mean levels of 90Sr and 137Cs in total-diet samples col-
lected in 1983 were 128 Bq 90Sr (kg Ca)-1 (3.5 S.U.) and 64 Bq 
137Cs (kg K)" 1 (1.7 M.U.), respectively. From analyses of the 
individual diet components, the 
90Sr 
level in the Danish aver-
age diet was estimated to be 125 Bq 90Sr (kg Ca)"1 (3.4 S.U.) 
and the ,37Cs level to be 76 Bq 137Cs (kg K)" 1 (2.0 M.U.). The 
levels of 9<*Sr and 137Cs in the Danish total diet consumed in 
1983 were respectively 0.8 and 0.6 times those observed in 1982. 
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Grain products contributed 31% and milk products 28% to the 
total 90Sr intake; 30% of the 137Cs in the diet originated from 
grain products, 15% from meat, and 12% from milk products. Pish 
contributed with 42% to the '37Cs diet intake, of this 90% were 
estimated to be due to radiocesiurn from Sellafield (Windscale). 
Both 9^Sr and 137Cs diet levels were on the average higher in 
Jutland than in eastern Denmark. 
9.4. Strontium-90 and Cesium-137 in humans 
The 90Sr mean content in human bone (vertebrae) collected in 
1983 was about 30 Bq (kg Ca)~ 1 (0.8 S.U.). 
Whole-body measurements of 137Cs have been suspended due to the 
low 137Cs concentrations in man. The estimated level in 1983 
was 160 Bq 137Cs (kg K)" 1 (4.3 pCi 137Cs (g K)" 1). 
9.5. Tritium in environmental samples 
The tritium concentration in ground water was approximately 2.4 
kBq m~3 in 1983. The mean content of precipitation was nearly 
the same. 
9.6. Background radiation 
The average total background exposure rate measured with TLD's 
at the State experimental farms was 7.2 uR h"1. The average 
terrestrial background exposure rate measured with a Nal(Tl) 
detector at the State experimental farms was 4.0 uR h_1. These 
results are a little lower than those observed in 1982. 
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Appendix A. Calculated fallout in Denmark in 1983 
Zone mm Bq 90Sr m-2 Accumulated  ,u
 *• 
precipitation in 1983 Bq '°Sr »~2 
in 1983 by the end of 
1983 
I: N. Jutland 
II: E. Jutland 824 
III: W. Jutland <843> 
IV: S. Jutland 
1.6 1827 
V: Punen 
VI: Zealand *°' 1.3 1458 
(596) 
VII: Lolland-Falster 
6B1 
VIII: Bornholm 3.0 
(749) 
759 
Area-weighted mean 1.5 17I7 
(769) 
The amounts of precipitation were obtained from ref. 9. The 90Sr 
deposition was estimated from 4.2 and appendix D. 
The precipitations in brackets were the mean of values measured 
by the Meteorological Institute at the State experimental farms 
(or neighbouring locations): 
Jutland: Tylstrup, Ødum, Borris, Askov, St. Jyndevad; 
The Islands: Blangstedgård, Tystofte, Ledreborg, Abed; 
Bornholm: Åkirkeby. 
Appendix B. Statistical information 
Zone Area in Population Annual milk 
km^ in production 
thousands in mega-kg 
15) 1971 28) 1976 14) 1971 
I: N. Jutland 6,171 471 911 
II: E. Jutland 7,561 881 1,258 
III: W. Jutland 12,104 687 926 
IV: S. Jutland 3,929 245 572 
V: Funen 3,486 446 393 
VI: Zealand 7,435 2,165* 395 
VII: Lolland-Falster 1,795 123 68 
VIII: Bornholm 588 47 39 
Total 43,069 5,065 4,562 
Annual wheat Annual rye Annual potato Vegetable 
production production production area 
in mega-kg in mega-kg in mega-kg in km2 
13) 1972 13) 1972 13) 1972 13) 1972 
145 155 609 14 
I 
448 71 100 73 
593 226 709 87 
*1,270,000 people were living in Greater Copenhagen and 895,000 in the remaining part of Zealand. 
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APPENDIX C 
For the calculation of the ^ 7 C s levels we have assumed the 
137Cs/90Sr ratio equal to 1.6 because that was the ratio used 
in reference 21 . 
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AppendI« C.I. Comparison betveen observed and predicted ,0Sr levels in environmental samples 
collected in 1983 
Sample Location Observed Predicted Obs./pred. Model in 
reference (21) 
Dr ied « i l k » 
• 
Rye 
• 
Bar ley 
• 
Wheat 
• 
Oats 
• 
Rye bread 
White bread 
Potatoes 
• 
Cabbage 
m 
Carrot 
-
npflefc 
pork* 
Beef* 
Eggs 
T o t a l d i e t c 
P 
Hunan bone > 29 yr 
Whole year grass 
rucus v e s i c u l o s a ! 
Ground water 
Stream water 
Lake water 
Jut land 
Is lands 
Jut land 
Is lands 
Jut land 
Is lands 
Jut land 
Is lands 
Jut land 
Is lands 
Denmark 
-
Jut land 
Is lands 
Ju t land 
Is lands 
Jut land 
I s l a n d s 
Denmark 
-
m 
m 
• 
m 
m 
I s lands 
m 
Denmark 
-
" 
Bq 
Bq 
Bq 
Bq 
, 0 S r (kg C a r ' 
- - -
9 0 S r k g " ' 
-
-
-
-
-
-
-
-
-
-
»°Sl 
-
»»S, 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• (kg C a r 1 
-
-
-
- m - 3 
-
-
89 
«3 
0 .47 
0 .46 
0 .77 
0 .54 
0 .62 
0 .39 
1.13 
0 . ( 7 
0 .38 
0.16 
0 .062 
0.070 
0 .57 
0.19 
0 .49 
0 .36 
0 .040 
0.022 
0.036 
0.034 
128 
125 
31 
610 
295 
0 .29 
14 
23 
119 
49 
0 .43 
0.117 
0 .62 
0 .26 
0 .57 
0.26 
1.40 
0.65 
0.35 
0.124 
0.104 
0.094 
0.33 
0.28 
0.56 
0.20 
0.014 
0.025 
0.036 
0.013 
151 
125 
41 
480 
459 
0.29 
7 
37 
0.75 
1.29 
1.09 
3.93 
1.24 
2.08 
1.09 
1.50 
0.81 
1.03 
1.09 
1.29 
0.60 
0.75 
1.73 
0.68 
0.88 
1.80 
2.86 
0.86 
1.00 
2.62 
0.84 
1.01 
0 .76 
1.27 
0 .64 
1.00 
2 .00 
0 . 6 2 
C . 3 . 2 . 1 
_ • _ 
C . 2 . 2 . 1 
C . 2 . 3 . 1 
C . 2 . 5 . 1 
_ • _ 
_ • _ 
- • -
C . 2 . 5 . 1 
C . 3 . 4 . 1 
— • _ 
C . 3 . 6 . 1 
C . 4 . 2 . 1 
- • — 
C . 4 . 3 . 1 
C . 2 . 4 . 1 
C . 2 . 7 . 1 
C . I . 4 . 1 
- • -
— • — 
No. 
No. 
NO. 
NO. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
HO. 
No. 
No. 
No. 
Ho. 
HO. 
NO. 
1 
3 
1 
3 
4 
6 
8 
10 
12 
13 
1 
2 
8 
10 
1 
3 
5 
6 
13 
3 
1 
6 
1 
7 
13 
1 
3 
1 
3 
6 
•Nay 1983 - April 1984 ('milk year* (21)). 
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Append ii C.2. Comparison between observed and predicted '37Cs levels in environmental samples 
collected in 1963 
Sample Observed Pred ic ted O b s . / p r e d . Model in 
reference (21) 
C r i e d m i l k * 
• 
Hye 
" 
Bar ley 
-
wneat 
• 
Oats 
• 
Rye bread 
White bread 
Potatoes 
• 
Cabbage 
Car ro t 
Apples 
Pork« 
Ueef • 
Eggs 
T o t a l d i e t C 
P 
Ju t land 
Is lands 
Ju t land 
I s iands 
J u t l a n d 
Is lands 
Ju t land 
Is lands 
J u t l a n d 
I s lands 
Denmark 
• 
Jut land 
Is lands 
Denmaik 
• 
• 
• 
• 
• 
• 
m 
Bq 
Bq 
Bq 
, 3 7 C s (kg K>"' 
- • -
1 3 7 C s k g ' ' 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
• - • 
-
, 3 7 C s (kg K ) " ' 
_ • _ 
66 
29 
0 .156 
0.077 
0 .060 
0 .035 
0 .101 
0 .034 
0 .33 
0 .071 
0 .136 
0 .029 
0 .084 
0.013 
0.14 
0 .042 
0 .037 
0 .20 
0 .43 
0.033 
40 
4 7 " 
42 
27 
0 .092 
0.065 
0 .067 
0.044 
0.068 
0.037 
0 .055 
0.041 
0.195 
0.088 
0 .127 
0.0088 
0.036 
0.0104 
0.024 
0.12 
0 .12 
0.023 
28 
46 
1.57 
1.08 
1.70 
1.1B 
0.90 
0.80 
1.49 
0.92 
6.00 
1.73 
0 .70 
0.33 
0 .66 
1.51 
3.89 
4.04 
1.54 
1.67 
3.58 
1.43 
1.43 
1.02 
C . 3 . 2 . 2 
- • -
C . 2 . 2 . 4 
- • -
- • -
- " -
- - -
- - -
- - -
C . 2 . 3 . 1 
- • -
C . 2 . 5 . 3 
- - -
- » -
- • -
C . 2 . 5 . 3 
C . 3 . 4 . 2 
- • -
C . 3 . 6 . 2 
C . 4 . 2 . 2 
_ • _ 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
NO. 
No. 
No. 
No. 
No. 
NO. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
NO. 
1 
J 
2 
3 
4 
5 
6 
7 
8 
9 
4 
5 
5 
7 
1 
3 
11 
3 
1 
6 
1 
6 
• (cf. note to Appendix C.') 
••Exclusive contribution of " 7C8 fro« Sellafleld. (381 Sellafleld, 62« fallout) 
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APPENDIX D 
Annual fallout rate in mCi ^nSr km-2 y-1. 
Accumulated fallout by the end of the year (i) assuming effec-
tive half-lives of 90Sr of 27.7 y. Unit: mCi 90Sr km-2. 
di(May-Aug) a n d di(July-Aug): 
The fallout rates in the periods: May-Aug and July-Aug, respect-
ively. Unit: mCi 90Sr km-2 period-1. 
The fallout rate (d^) was based on precipitation data collected 
for all Denmark in the period 1962-1983 (cf. Table 4.2.11'). 
Before 1962 the levels in the tables were estimated from the 
HASL data for New York (HASL Appendix 291, 1975)29) considering 
that the mean ratio between 90Sr fallout in Denmark and New York 
was 0.7 in the period 1962-1974. 
The dj(May-Aug) a n d di(July-Aug) values were also obtained from 
Table 4.2.I1) for the period 1962-1983. For the years 1959-1961 
the values were calculated from data obtained from 9^Sr analysis 
of air (1S59) and precipitation samples (1962 and 1961) col-
lected at Risø. Before 1959, the values were estimated from the 
corresponding dj values assuming that the ratios dj(May-Aug)/di 
and di(july-Aug)/di were constant in time and equal to the means 
found for the period 1962-1974, which were 0.54 (1 S.D.: 0.09) 
and 0.24 (1 S.D.: 0.06), respectively. 
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»pp«wdlm p. F a l l o u t r a t e s and accumulate« f a l l o u t (aCi " s t k a T ' i i n n i r r n i l 1950-14*1 
Ovnaark J u t l a n d I s lands 
d i M I 2 7 . 7 ) <•' * > ( 2 7 . 7 ) d i * ' ( 2 7 . 7 ) 
m o 
i * * i 
1452 
1453 
:«« 
1455 
145* 
1*57 
145* 
1454 
14*0 
I H I 
14(2 
14*3 
14(4 
14*5 
14(4 
14(7 
14(0 
14*4 
I»70 
1*71 
l»72 
1473 
U 7 4 
1*75 
147* 
1477 
1474 
147* 
14*0 
1401 
14*2 
I M J 
0.021 
0.101 
0.144 
0.500 
! . 4 C : 
2.SOI 
J.101 
3.101 
4.102 
4.102 
1.140 
1.401 
7.420 
14.445 
10.412 
3.454 
2.145 
1.047 
1.403 
1.035 
1.147 
1.50* 
0.435 
0.192 
0.710 
0 . 4 1 * 
0.103 
0 .3 *4 
0 .4 *3 
0 . 1 « * 
c u t 
0.353 
0 . 0 5 * 
0 .04*5 
0 .020 
0 . 1 1 * 
0 . 3 0 * 
0 . 7 * 4 
2 . ( 2 3 
4 .447 
7 . 0 4 * 
10 .72 * 
14 .45* 
20.247 
20.054 
21 .7 *7 
20.443 
44 .071 
53.11« 
55.«74 
5 « . 345 
5« .021 
5 * . 0 0 * 
55.432 
5 5 . * * 3 
55.451 
54.443 
53.»21 
51 .1 *3 
52.272 
5 1 . 0 * 2 
50.204 
4 9 . 4 2 * 
40.374 
47.307 
4« .4 *2 
4 5 . 3 1 * 
44 .271 
0 .022 
0.114 
0.224 
0 . 5 4 * 
2.1S2 
2.C11 
1.510 
1.510 
4 . * * 9 
C.400 
1.241 
1.47« 
7 . 4 7 * 
11.451 
11.4*5 
4.204 
2 . I t * 
1 . 176 
1.54* 
1.241 
1.441 
1.72* 
0.457 
0.215 
0.774 
0.452 
0 . 1 1 * 
0.405 
0 . 5 3 * 
0.174 
0.140 
0.374 
0.059 
S . S l i 
0 .021 
0.132 
0.347 
0.141 
2 .4 *7 
5. »55 
t . 4 3 4 
12.1*2 
14.541 
2 2 . 9 1 * 
2 3 . H O 
24 .4 *1 
11.»30 
49.041 
54.225 
» I . » 4 1 
( 2 . 4 * 5 
« 2 . 0 4 * 
( 2 . 0 4 5 
( 1 . 7 2 1 
( 2 . 1 4 0 
( 2 . 2 U 
»1.144 
5 4 . * 4 ! 
55.171 
51.150 
54.»24 
55.027 
54.915 
53.010 
5 2 . ( 2 0 
5 1 . ( 9 7 
50.477 
44.272 
0 .020 
0 . 0 M 
0.172 
0.434 
1.450 
2.171 
2.442 
2 .442 
3 . 7 3 * 
5 .247 
0.440 
1.2*5 
4 . MO 
14.437 
4 .134 
3.704 
2.124 
0 . 9 1 * 
1.237 
0 . ( 2 4 
1.101 
1 . 2 1 * 
0 .413 
o . t t * 
0 . ( 4 3 
0 .17« 
0 .040 
0 . 3 ( 2 
0 . 1 1 1 
0.154 
0 .045 
0 .130 
0 ,053 
0.045 
0 .020 
0 .105 
0 .270 
0 . 4 * 7 
2 .274 
4 .340 
4 . »5 * 
4 .313 
12.725 
1 7 . 5 7 * 
I t . 1 0 7 
14.413 
25.155 
35.101 
4 7 . 0 4 * 
49 .497 
50.345 
49.997 
4 9 . 9 « * 
49.542 
4 9 . 5 1 * 
4 9 . ( 1 5 
41.792 
47.750 
47.147 
4 * . 147 
45.335 
44 .501 
4 3 . 1 ( 7 
42.447 
41 .901 
41.272 
40.104 
19.152 
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Denmark Jutland Islands 
dl|Hay-Aug) dl(July-Aug) dl(May-Aug) dx(July-Aug) dl(May-Aug) dl(July-Aug) 
0 .01 
0 .05 
0 .11 
0 .27 
1.03 
1.35 
1.67 
1.67 
2 .32 
••.50 
0 .47 
0 .66 
4 .223 
9.965 
6.235 
2 .029 
1.049 
0.367 
0.S48 
0 .614 
0.908 
0.992 
0.253 
0 .075 
0 .421 
0 .159 
0 .032 
0 .178 
0 .232 
0 .086 
0.063 
0.214 
0.027 
0 .016 
0.01 
0 .02 
0.05 
0 .12 
0 .46 
0 .60 
0.74 
0.74 
1.03 
0.68 
0.31 
0.47 
1.857 
5.629 
2.568 
0.850 
0.418 
0 .141 
0.426 
0 .276 
0.547 
0.405 
0.084 
0 .033 
0.190 
0.075 
0 .010 
0.107 
0 .096 
0 .030 
0.027 
0 .073 
0.0087 
0 .0059 
0 .01 
0 .06 
0 .12 
0 .31 
1.16 
1.53 
1.90 
1.90 
2 .63 
2 .76 
0 .52 
0 .73 
4 .566 
10.753 
7.170 
2.094 
0 .984 
0 .380 
0 .910 
0 .723 
1.076 
1.154 
0 .262 
0.093 
0.463 
0 .179 
0 .032 
0 .164 
0 .275 
0 .087 
0 .079 
0 .215 
0.029 
0 .018 
0 .01 
0 .03 
0 .05 
0 .14 
0 .52 
0 .68 
0 .84 
0 .84 
1.17 
0 .75 
0 .34 
0 .52 
2.052 
5.932 
2.910 
0 .852 
0.496 
0 .134 
0.460 
0.319 
0.632 
0 .516 
0.084 
0.039 
0.219 
0.091 
0 .011 
0 .085 
0 .098 
0 .031 
0 .031 
0 .071 
0.0104 
0 ,0067 
0 .01 
0 .05 
0 .09 
0 .23 
0 .89 
1.17 
1.45 
1.45 
2.02 
2.24 
0 .42 
0 .59 
3.880 
9 .177 
5.299 
1.964 
1.114 
0.354 
0.786 
0.505 
0.740 
0.830 
0.244 
0.057 
0.378 
0.157 
0 .032 
0.190 
0.188 
0.084 
0.047 
0 .213 
0.025 
0.014 
0.01 
O.02 
0.04 
0.10 
0.40 
0.52 
0.65 
0 .65 
0.90 
0.61 
0.28 
0.42 
1.662 
5 .327 
2.226 
0 .848 
0 .340 
0.14S 
0 .392 
0 .233 
0.462 
0.294 
0 .084 
0 .027 
0.162 
0.060 
0 .009 
0 .129 
0.093 
0 .029 
0 .022 
0 .075 
0 .0071 
0 .0053 
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